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TITLE 
NOVEL CYTOKINE 

5 

TFrHNTrAT. FfTCm OF THE TNVENTTON 

The present invoitionrdates to a novd cytokine. Mcne specifically, Represent 
invention relates to ±e cloning of a mmine and a human cytokine that binds to a human 
CD40 having bodia^nist and antagonist acdvi^r in sohible and membrane-bound - 
10 fonns. 

RAricnRniTND OF THE TNVENTTON 

Cytokines that have an "Intraleukin" designatira are those protein factors that 
influence immune effector cells. Cytokines designated intorleukin-l through 

IS interleukin-12 have been reported and named as an in^leukin. Other known cytokines 
include tumor necrosis fiictor (TNF), granulocyte-macrophage colony stimulating factor 
(GM-CSF), granulocyte colony stimulating factor (G-CSF), mast cell growth factor 
(MGF), epidermal growth factor (EOF), platelet-derived growth factor (PDGF), nerve 
growth factor (NGF), erythropoietin (EPO), Y-interferon (y-IFN) and others. 

20 DNAs for two different TNF receptors (Type I and Type II) have been cloned 

(Smith et al.. Science 248:1019, 1990; and Schall et al.. Cell 61:361, 1990). Both 
fcmns of TNF receptor are rdated to each othor and belong to a family of receptors 
whose mraibers include nerve growdi factor receptor (Johnson et al., Cell 47:545, 
1986), B cell antigen CD40 (Stamenkovic et al., EMBO J. 8: 1403, 1989), TceU 

25 antigen OX40 (Mallett et al., EMBO J. 9:1063, 1990), human Fas antigen Qtoh et al., 
Cell 66:233, 1991) and murine 4- IBB receptor (Kwon et al.. Cell. Immunol. 
121:414, 1989 [Kwon et al. I] and Kwon et al., Proc. Natl. Acad. Sci. USA 86:1963, 
1989 [Kwon et al. ITj). 

Human CD40 protein (CD40) is a peptide of 277 amino acids having a 

30 molecular weight of 30,600, and a 19 amino acid secretory signal peptide comprising 
predominantiy hydrophobic amino acids (Stamenkovic et al.). The molecular weight 
(exclusive of glycosylation) of the mature human CD40 protein is 28,300. A cDNA 
encoding human CD40 was isolated fixjm a cDNA library prepared fiom Burkitt 
lymphoma cell line Raji. The putative protein encoded by the CD40 cDNA contains a 

35 putative leader sequence, trans-membrane domain and a number of other features 

common to membrane-bound receptor proteins. CD40 has been found to be expressed 
on B lyn:q}hocytes, epithelial cells and some carcinoma cell lines. 
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A monoclonal antibody (liiAb) directed against CD40 has been shown to 
mediatevariousfiinctionaleffectsofhmmnB cells. These effects include: (a) 
homoQ^ic adhesions (CSoidon et al.. /. Immunol 140:1425. 1988 [Gordon et al. I]); 
(b) increased cell size (Gordon et al. I and Valle et al., Eur. J. Immunol. 19: 1463, 
5 1989); (c)piDlifetaik)n of B cells activated with anti-IgM, anti-CD20 mAb, phoibol 
ester alone (Pz±ttaL,Proc.Natl. Acad. ScU USA 83:4494, 1986; andPauKe et al., 
JJmmunoL 142:590, 1989), or phorbol ester combined with interleukin-4(Goidonet 
aL, Eur. /. Immunol 17: 1535, 1987 [Gordon et aL m; and (d) production of IgE 
(JabaraetaL,/.£3ip Maf. 172:1861, 1990; Zhang et al., /. /mmitfw/. 146:1836, 

10 1991) andIgM(GascanetaL,/./»i»uiiw/. 147:8. 1991)ftominterleuldn-4(IL^) 
stinndated T-dq>leted enltuies. 

One such antibody, catted mAb 89 by Banchereau et aL, Clin. Immunol 
Spectrum 3:8, 1991 [Banchereau et aL Ij. was found to induce human B cell 
proliferation at a rdativedy low antibody concentration (30 ng/ml or about 10-10 m). 

15 ProKferationlasted two to tinee weeks andresultedin a ten-fold expansion of die 
human B cell population. Optimal stimulation of die B cells occurred when CD40 
smfecemolecuIewasctoss-IinkedbylgM. Fabfiagmentsofanotiieranti-CD40mAb 
induced only a weakproliferativeiesponse. Further. Banchereau et aL, Science 
251:70. 1991 [Banchereau etaLD] reported tiiat resting human B ceUs entered a state 

20 of sustainedproKferationwhenincubaledwitii both amnrine fibroblastic LtirceUline 
tiiat was tiansfected w^ human Fc receptor and widi a monoclonal antibody spedBc 
forhumanCD40. Banchereau etaLHfoundtfiatcross-linkingCIMO is necessary for 

clonal eqiansion of B cells. 

CD23 is a low affinity IgE receptor fliat has been found to be expressed on most 

25 IgM-yigD- mature B cells, butnotTcdls. CD23 has been sequenced and its sequence 
wasdescribedinKikutanietaL.Cd/ 47:657. 1986. Soluble CD23 (sCD23) was 
found to induce apyrogenicreaction in rabbits and Ais reaction was abrogated by 
administration of human IgE (Ghaderi et aL, Immunology 73:510, 1991). Therefore, 
CD23 may be an appropriate marker for soUible CD40 or CD40-L effects. 

30 Prior to tiie present invention, a ligand for CD40 was unknown. Accordingly, 

tiiereis aneai in die art to identify and characterize a CD40 ligand (CD40-L). 

gTTMMARY OF TWIT TNVF.NTTON 

A novel cytokine, hereafter referred to as "C3M0-L," has been isolated and 
35 characterized. The nucleotide sequence and deduced amino add sequence of 

representative murine OMO-LcDNA is disclosed in SEQ ID N0:1 andKgure 1, and 
die amino add sequence is also listed in SEQ ID N0:2. The nucleotide sequence and 
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deduced amino add sequence of representative human CD40-L cDNA is disclosed in 
SEQ ID N0:1 1 and Figure 2, and the amino acid sequence is also listed in SEQ ID 
NO: 12. The present invention further comprises other CD40-L polypeptides encoded 
by nucleotide sequences that hybridize, under moderate or severe stringency 
5 conditions, to probes defined by SEQ ID NO: 1 1 (the coding region of human CD40- 
L), fragments of the sequence extending from nucleotide 46 to nucleotide 828 of SEQ 
ID NO: 11, or to DNA or RNA sequences complementary to Figure 2 (SEQ ID NO: 1 1) 
or fragments thereof. The invention further comprises nucleic acid sequences which, 
due to the degeneracy of the genetic code, encode polypeptides substantially identical or 

10 substantially similar to polypeptides encoded by the nucleic acid sequences described 
above, and sequences complementary to them. 

CD40-L is a type n membrane polypeptide having an extracellular region at its 
C-terminus, a transmembrane region and an intracellular region at its N-terminus. A 
soluble version of murine CD40-L has been found in superaatants from EL-4 cells and 

15 EL-4 cells sorted on the basis of a biotinylated CD40/Fc fusion protein described 
herein. Soluble C!D40-L comprises an extracellular region of CD40-L or a fragment 
thereof. The protein sequence of murine CD40-L is described in Figure 1 and SEQ ID 
N0:2, and human CD40-L in Figure 2 and SEQ ID N0:12. The extracellular region of 
murine CD40-L extends from amino acid 47 to amino acid 260 in Figure 1 and SEQ ID 

20 N0:2, and of human CD40-L from amino acid 47 to amino acid 261 in Figure 2 and 
SEQ ID NO: 12, CX)40-L biological activity is mediated by binding of this cytokine 
with GD40 and includes B cell proliferation and induction of antibody secretion, 
including IgE secretion. 

The present invention further provides antisense or sense oligonucleotides 

25 (deoxyribonucleotides or ribonucleotides) that correspond to a sequence of at least 

about 12 nucleotides selected from the nucleotide sequence of CD40-L or DNA or RNA 
sequences complementary to the nucleotide sequence of CD40-L as described in SEQ 
ID NO: 1 and SEQ ID N0:1 1 and in Figures 1 and 2. Such antisense or sense 
oligonucleotides prevent transcription or translation of CD40-L mRNA or polypeptides. 

30 Further still, the present invention provide O>40-Lpq)tide fragments that 

correspond to a protein sequence of at least 10 amino acids selected from die amino acid 
sequence encoded by SEQ ID N0:1 or SEQ ID NO:l 1 that can act as immunogens to 
generate antibodies specific to die CD40-L immunogens. Such CD40-L immimogen 
fragments can serve as antigenic determinants in providing monoclonal antibodies 

35 specific for CD40-L. 

The invention also provides a human CD40/Fc fusion protein and a soluble 
CD40 protein (sCD40) comprising the extracellular region of human CD40, Both 
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sC]>W and CIMO/Fc filsiott proton can in^^^ 

cdl stimuMon. IL^-induced IgE stimulation and 1^4 induced CD23 induction in B 

5 PPTRF DTCSnP TPTTON OF jm nRAWTNGS 

Hgoie 1 illustrates nucleotide and amino add sequences coiresponding to 
murine CD40-L. 11118 proteinis Hpolypeptide having its N-termlnus as its 
intracdlulardomain. Mowedbyatransmembme region, and an extracenulardra 

at the C-tenmnus of flie polypeptide. The extracellular domain, which is longer tiian 
10 other tiieinttaceUulardomainorthetiansmemhraneregion, contains onepotentialN- 
linked glycoqrlation site and twopoteitial disulfide bonds in view of four cysteine 
(C^s) cesidues. 

Hgure 2 ilhistrates nucleotide and amino add sequences conesponding to 
human C3340-L. This protem is atype ^polypeptide having its N-tenninus as its 
15 intracdhdardornain^fbnowedbyattansmembraneiegion, andanextraceUuIardon^ 
attfieC-tetminusrftiie polypeptide. The extraceUular domain, which is longer tfian 
dther die intraceUulardomain or the transmembrane region, contains 1 potential N- 
linked glycosylation ste and2 potential disulfide bonds in view of 5 cysteine (Cys) 
rendnes, 

20 Rgure 3 illustrates a comparison of protdn sequences of human and murine 

CD40-L showing 77 J% homology atthe amino add leveL 

Kgure4illustiatesprQliferation of Tcelldepletedhumanpeiq)heral blood 
mononuclear ceUs (PBMQ caused by incubation with CVl cells nansfected witfi M 

lengtiimurine CD40-L cDNA (SEQ ID N0:1) and expressing bound CD40-L (0)40- 
25 L-Wl cells) when compared with CYl cells oansfccted with en^ty vector (EIA^ 

andnotexpressmgboundmurineCD40-L. The day 7 proliferation results showtiiat 

C3>10-L+CV1 cells significanfly increase proliferation of T- cell depletedPBMC in die 

presence or absence of iniBileukin-4 (IL4). 

Hgore 5 illustrates a second detennination of Tceill dq)letedPBMC 
30 pioBferationwitii addition of bound murine Cl)40-Liuid 10 ng^ These data 

show no co-nriiogenib effect of nLr4 but continued strong mitogenic effect of bound 

CD40-L. 

Hgure 6 illustrates tiiat bound CD40-L augmoits IgE seccetidn. 

Rguie 7 illustrates thatmanhrane-bound CD40-L stimulates CD23 shedding in 

35 the presence of IL-4. 

Hgure 8 iUusoatesprolifisratirai of murine splenic B cells caused by membrane- 
bound murine CD40-L or 7A1 cells, which is a helper T cell clone. 
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Figure 9 illustrates a comparison of murine EL40,9 cells, a sorted cell line that 
was sorted on the basis of e>q)ression of murine CD40-L and T cells 7A1 for induction 
of an antigen-specific response indicated by plaque foraiing cells (PFQ by anti-sheep 
red blood cells (SCBC). 
5 Figure 10 illustrates a conoparison of B cell proliferative activity of membrane- 

bound CD40-L and other cell types transfected with different cDNAs. Membrane- 
bound CD40-L showed significantiy more B cell proliferative activity than a helper T 
cell clone or other control cells. 

Figure 1 1 illustrates that 7C2 cells (a helpo" T cell clone) and CVl cells 
10 transfected with murine CD40-L cDNA induce anti SRBC plaque forming cells. 

Figure 12 illustrates a comparison of two helper T cell clones with cells 
expressing membrane-bound CD40-L for inducing murine B cell proliferation. 

Figure 13 illustrates induction of antigen-specific plaque forming cells by 
membrane-bound CD40-L and a helper T cell clone in the presence or absence of added 
15 interleukin-2 (IL-2). 

Figure 14 shows effects of membrane-bound CD40-L stimulating B cell 
prolifCTation and IgE secretion. Hie effects of membrane-bound CD40-L were 
inhibited by CD40 receptor but not by TNF receptor. 

20 DETAILED DESrRTPTTON OF THE INVENTION 

Novel polypeptides that can aa as a ligand for murine and human CD40 have 
been isolated and sequenced. More particularly, cDNAs encoding these ligands have 
been cloned and sequenced. Further provided are methods for expression of 
recombinant CD40-L polypeptides. CD40-L polypeptide include other forms of 

25 mammalian GD40-L, such as derivatives or analogs of human or murine CD40-L. 
Murine and human GD40-L comprise a 214 and 215, respectively amino acid 
extracellular region at the C-terminus of full length, membrane-bound polypeptide. The 
extracellular region contains the domain that binds to CD40. Murine and human CD40- 
L furdiCT comprise a homologous hydrophobic 24 amino acid transmembrane region 

30 delineated by charged amino adds on either side and a 22 amino acid intracellular 

region at their N-^mini. The present invention further comprises full length GD40-L 
polypeptides or fi:agments tiiereof comprising all or part of the extracellular region or 
derivatives of the extracellular reigion and mammalian cells transfected with a cDNA . 
encoding murine or human CD40-L and e^qiressing human or murine CD40-L as a 

35 membrane-bound protein. 

The present invmtion comprises isolated DNA sequences encoding GMO-L 
polypeptides and DNA or RNA sequences compl^entaiy to such isolated DNA 
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sequences. Tie isolated DNA sequences and thdr complements are selected from the 
group consisting of (a>nucleotides l84througli 828. nucleotides 193 thiough 828or 
nucleotides 193 throng 762 of the DNA sequence set forth in Hgure 2 (SEQ ID 
NOrll) and their complemaits. (b) DNA sequences which hybridize to theDNA 

5 sequences of (a) or thdr con5»Iements under conditions of moderate stringency and 
wbidi encode aCa>40-Lpolypeptide, analogs or derivatives thereof, and (c) DNA 
sequences which, due to fted^naacgr of the genetic code, encode CD40-L 
pdypeptides encoded by any of the foregoing DNA sequences and their complements. 
In addition, theiJresentinvention includes vectors compriangDNA sequences 

10 encodingCD40.LpoIypq)tides andanalogs, and host ceUstiansfected with such 

vectors. 

TIienovelcytDldnedisclosedhatanisaligand for CD4(),areceptor that isa 

memberafAeTNFreceptorsuper&mUy. Therefore. CD40-L is likely to be 
ieq)onsiblcfortransducing signal viaCD40. which is imown to be expressed, fo^ 

15 example, by B lymphocytes. FalUengthCD40-L is a membrane-bound polypeptide 
wfthanextracdlulariegionatitsCtOTmnus, a transmembrane region, and an 
intracclIulariegionatitsN.teiminus. AsohibIeversionofCD40-Lcanbemadeftom 
the extracelluiariegiGn orafiagment thereof and a soluble CD40-L has been found in 
culture supematants fem cells tiiat ejcpress a membrane-bound version of CD40-L. 

20 Theproteinsequenceofthecmcdhilariegionofmurinea>^ 

add47taaminoacid26aittKgurelandSEQIDNO:2. The protein sequence of die 
extraceUiilarregion of human CD40-Lextends from amino acid 47 to amino acid 261 in 
Hguie2andSEQIDNO:12. The biological activity of a)40-L is mediated by binding 
to CD40 or a spedes-s^wdfic homdog fiieteof and conqoi^ 

25 andinductionofimmunoglobulinsecretionfEomactivaiedBcens. CD40-L (including 
soluble monomeric and oEgomeric forms, as well as meinbrane-bound forms) can 
effectB cdlproBferation and immunoglobulitt secretion (except IgE secretion) witfiout 
tiie presence of added E^,incontrasttoanti-CD40 antibodies, which require and 

cross-Unking to mediate activity. 

30 CD40-L refers to a genus of pdypeptides which ate enable of binding OMO, 

ormammalianhomoIogsofCaMO. As used herdn. die term "CD40-L" includes 
sduble CD40-L polypeptides lacking transmembrane and inttacdhdarregions, 
T p g rnmaiian homologs of human CaMO-L, analogs of human or murine CD40-L or 
derivatives of human or murine CD40i. 

35 CD40-L may also be obtained by mutations of nucleotide sequences coding for 

a CD40-L polypeptide. A CDAO-L analog, as referred to herein, is a polypeptide 
substantially homologous to a sequence of human or murine GD40-L but which has an 
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amino acid sequence different from native sequence CD40-L (human or murine species) 
polypeptide because of one or a plurality of deletions, insotions or substitutions. 
Analogs of CD40-L can be synthesized from DNA constructs prepared by 
oligonucleotide synthesis and ligation or by site-specific mutagenesis techniques. 
5 The primary amino acid structure of human or murine CD40-L may be modified 

to create CD40-L daivatives by forming covalent or aggregative conjugates witii otiier 
chemical moieties, such as glycosyl groups, lipids, phosphate, acetyl groups and the 
like, or by creating amino add sequence mutants, Covalent derivatives of CD40-L are 
prq)ared by linking particular functional groups to CD40-L amino acid side chains or at 

10 flie N-tenninus or C-terminus of a CD40-L polypeptide or the extracellular domain 
tiiereof. Other derivatives of CD40-L witiun the scope of this invention include 
covalent or aggregative conjugates of aD40-L or its fragments with other proteins or 
polypeptides, such as by synthesis in recombinant culture as N-tenninal or C-terminal 
fusions. For example, the conjugate may comprise a signal or leader polypeptide 

15 sequence at the N-terminal region or C-terminal region of a CD40-L polypeptide which 
co-translationally or post-translationally directs transfer of the conjugate from its site of 
synthesis to a site inside or outside of the cell membrane or cell wall (e.g. the a-factor 
leader of Saccharomyces). CD40-L polypeptide fusions can con5)rise polypeptides 
added to facilitate purification and identification of CD40-L (e.g. poly-His), or fusions 

20 with otiier cytokines to provide novel polyfunctional entities. Other cytokines include, 
for example, any of interleukins-l tiirough 13, TNF (tumor necrosis factor), GM-CSF 
(granulocyte macrophage-colony stimulating factor), G-CSF (granulocyte-colony 
stimulating factor), MGF (mast cell growtii factor), EOF (epidtaraial growth factor), 
PDGF (platelet-derived growtii factor), NGF (nerve growtii factor), EPO 

25 (erythropoietin), y-IFN (gamma interferon), 4-lBB-L (4-lBB ligand) and other 
cytokines that affect immune cell growtii, differentiation or function. 

Nucleic acid sequences witiiin tiie scope of the present invention include DNA 
and/or RNA sequences tiiat hybridize to the nucleotide sequence of SEQ ID N0:1 or 
SEQ ID NO:l 1 or tiie complemratary strands, under conditions of moderate or severe 

30 stringency. Moderate stringency hybridization conditions refer to conditions described 
in, for example, Sambrook et al. Molecular Cloning: A Laboratory Manual, 2 ed. Vol. 
1, pp. 1.101-104, Cold Spring Harbor Laboratory Press, (1989). Conditions of 
moderate stringency, as defined by Sambrook et al., include use of a prewashing 
solution of 5 X SSC, 0.5% SDS, 1.0 mM EDTA (pH 8,0) and hybridization 

35 conditions of 50*C, 5 X SSC, overnight Conditions of severe stringency include 
higher teniperatures of hybridization and washing. 
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Biological activity of CD^Lmay be detenmned, for example, by conqjedtion 
for binding to tfaeKgand binding doinainofCD40(i.e.competiti^^ 
BothinorineCD4()-LandhunianCD4(^LhindtohumanCD40. THe binding affinity 
of mnrine C3)4a-L (expressed on sorted murine EL40.9 cells) for human CD40 was 
5 ^ppcQxnnatdy 

1.74xlO^M-l. Similarly. tfaebindingaf5nityofmurineCD40-L (expressed on 
,msortedmurineEL46.1cdls)forhumanCD40was^ximateIy2Jxl09M- . 
Both binding affimormeasurements are wi&in aiange typcai of (gnokine/cTtokme 
receptor binding* 

10 OneconfigurationofacompetitiveWndingassayforCD40uLpoIypep^ 

aradiolabeled,solubfcmarineCD40.LaccordingtoRgure I (SEQIDNO:l)orhuman 
CI>40-LaccoidingtoRguie2(SEQmNO:ll),andintactceUsejq)ressmgCIM^ 
(e-g.. humauB cells). Instead of intactcells. onecould substitute soluble CD40 (such 
as a CD40/Fcfusionpiotdn) bound to a soUdphase tough a Protein A or Protem G 

15 interaction wiflitheFcregiottofthefusionpiotem. A second configuration of a 

competitivebmdingassay utilizesradiolabeled sohible CD40 such as a CD40/Fc fusion 
piotdn.andintactcellsexpressingCD40-L. Ahmatively. soluble CD40-L could be 

bound to a solid phase. 

Q>rapetitive bindingassays can be performed using standard methodology. 
20 For«aiiiple.radiolabdedmurineCD4()-Lcanbeusedtocoii5)etew^^ 

CD40ihomcdog to assay for Wnding activity against surto-boundCaMO. 

Qaalitative results can be obtained by competitive autoradiogr^hic plaie binding 
assays, orScatchaidplots may beutilized to generaiequantitativeresults. 

Con^titive binding assays with intact cdls expressing CD40 can beperfoimed 

25 bytwomethods. lnafirstmethod.B cells are giowneitherinsuspensionor by 
adherencetotissuecultuiBplaies. Adherent cells can be removed by treatment with 5 
mMEDTAtteatmentfortenminulBsatSrC In a second method, transfiscted COS 
ceIIsexpressingmemhran6*oundCD40cattbeused (X)S cells or another 
mammalian cett can be transfected with human CD40cDNAin an ^>^^ 

30 express feE length CD40witfi an extracdlularregiGn exterior to the cell. 

Alternativdy. soluble CD40can be bound loasdlidphase such a&acdumn 
chromatography matrix, or a tube or similar substrate suitable foranalysis for the 
presenceofadetectablemoietysuchasl25L Binding to a solid phase can be 
accomplished, for example, by obtaining a CD40/Fc fusion protein and binding it to a 

35 protdn A or protem G sur&ce. 

Anotfier means to measure die biological activity of CD40-L and homologs 

tiiereof is to utilize conjugated, sohible CD40 (for example. I25i-CD40/Fc) in 
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cooipetition assays similar to those described above. In this case, howevo*, intact cells 
expressing CD40-L, or soluble CD40-L bound to a solid substrate, are used to measure 
competition for binding of conjugated, soluble CD40 to CD40-L by a sample 
containing a putative CD40 homolog. 
5 CD40-L may also be assayed by measuring biological activity in a B cell 

proliferation assay. Human B cells may be obtained from human tonsils by purification 
by negative selection and Percoll density sedimentation, as described by Defiance et al., 
/. Immunol. 139:1 135, 1987. Burkitt lynq)homa cell lines may be used to measure cell 
proliferation in response to CD40-L. Examples of Buridtt lymphoma cell lines include, 

10 for example, Raji (ATCC CCL 86), Daudi (ATCC CCL 213) and Namalwa (ATCC 
CRL 1432). Membrane-bound CD40-L stimulated B cell proliferation. Oligomaic, 
preferably dimeric, CD40-L can stimulate B cell proliferation. CD40 (receptor) 
antagonizes CD40-L proliferation of B cells. 

Yet another assay for determining CD40-L biological activity is to measure 

15 immunoglobulin produced by B ceUs in response to activation by CD40-L or a 

derivative or analog thereof. Polyclonal immunoglobulin secretion can be measured, 
for example, by incubating with 5 x 10^ B cells/ml in culture for at least seven days. 
Immunoglobulin (Ig) production can be measured by an ELJSA assay such as one 
described in Maliszewski et al., J. Immunol. 144:3028, 1990 [Maliszewski et al. I] or 

20 Mafiszewski et al., Eur J. Immunol 20: 1735, 1990 [Maliszewski et al. H]. Murine B 
cells can be obtained, for exanq)le, from mice and cultured according to procedures 
described in Grabstein et al., /. Exp. Med. 163: 1405, 1986 [Grabstein et al. I], 
Maliszewski et al. I, and Maliszewski et al. IL 

CD40-L can be used in a binding assay to detect cells expressing CD40. For 

25 example, murine CD40-L according to Figure 1 (SEQ ID NO: 1) or human CX)40-L 
according to Rgure 2 (SEQ ID NO: 1 1), or an extracellular domain or a fragment 
thereof, can be conjugated to a detectable moiety such as I25i. Radiolabeling with I25i 
can be poformed by any of sevwal standard methodologies that yield a functional I25i_ 
CD40-L molecule labeled to hi^ specific activity. Alternatively, anotiier detectable 

30 moiety such as an enzyme that can catalyze a colorimetric or fluorometric reaction, 

biotin or avidin may be used. Cells expressing CD40 can be contacted witii conjugated 
CD40-L. After incubation, unbound conjugated CD40-L is removed and binding is 
measured using the detectable moiety. 

OMO-L polypeptides may exist as oligomos, such as dimers or trimers. 

35 Ofigomers are linted by disulfide bonds formed between cysteine residues on different 
CD40-L polypeptides. Altonativdy, one can link two soluble CD40-L domains with a 
Gly4SeiGly5Sa: linko: sequence, or otho- linker sequence described in United States 
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Patent5.(y73,627,wlddii5incQipbratedbyrefeienceha^ CD40-L polypeptides 
myalsobeaeatedbyfusionoftheCtetimnalofsoM^^^ 
domain) to die Fc region of IgGl (for example. SEQIDN0:3) as described for die 
CD40/FcfiisiDnpioteih. CWO-ITE^fuaon proteins arc allowed to assemble much like 
5 heavychainsofanantibodymdeculetofOTmdivaientCD40-L. If fusion proteins are 
made with bo&heavyandli^tchainsof an antibody.it i&possibletoformaCD40^^ 

oligomer widi as many as four CD40-L extracellular regions. 

Fusion protems can bepr^ared using conventional techniques of enzyme 
cutdngandligationoffragmentsfiomdesiredsequences. PGR techniques employing 

10 syndietic oligonucleotides m^ be used to prq»are and/or axnpmy the desired fragments. 
Ovedapping syndietic oligonucleotides representing tfie desired sequences can also be 
usedtaptepareDNAconstructsencoding&sion proteins. Fuaon proteins can also 
comprise CD40-L andtwo or more additional sequences, including aleader (or signal 
peptide) sequence. Fbregion, linker sequence, and sequences encoding highly 

1 5 antigenic moieties tiiat provide a means for fedle purification or i^id detection of a 
fujtionpro^m. 

Signal peptidesfedKtate secretion of proteins ftomceUs. An exemplaiy signal 
peptide istiie amino teraiinal 25 amino adds of the leader sequence of human 
interieukin-7 QL-li Goodwin et aL, Proc. Natl Acad. Sci. U^A. 86:302. 1989; 
20 Figure 2B). Otiier signal peptides may also be employed. For example, certain 
nudeotidesin tiieE^T leader sequence can be altered witiiotttaftering the amino add 
sequence. AddMonally, amino add chaises tiiat do not affisct die abiUty of die E^7 

sequence to act as aleader sequence can be made. 

TheFlag® octapeptidc (Asp-T^-Lys-Asp-Asp-Asp-Asp-Lys) does not alter tire 

25 biological activity of fusion proteins, is highly antigemc and provides an epitope 

reversibly bound by a specific monoclonal antibody, enabling r^id detection and facile 
purificationoftheexpressedfusionprotdn. Hie Flag® sequence is also spedfically 
clewred by bovine mucosal enterokinase at the readue immediatdy^Bowing die Asp- 
Lys pairing, fusion proteins c^ed with tins pqitide may also beresistant to 

30 intracellular degradation in E. coK. A murine monoclonal antibody diat Wnds die Flag® 
sequence has been deposited wifli die ATCC under accession number HB 9259; 
metiiods of using die antibody in purification of fusion proteins con?)iising die Flag® 
sequence are described in U.S. Patent 5,01 1,9 12, which is inaaporated by reference 
hoein. 

35 Suitable Fc regions are defined as Fc regions diatcan bind to protein A or 

protein G, or altemativdy, are recognized by an antibody tiiat can be used in 
purification or detection of a fusion protdn conqirising die Fc region. Preferable Fc 
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regions include the Fc region of human IgGi or murine IgGi. One example is the 
human IgGi Fc region shown in SEQ ID NO:3; anoth^ example is an Fc region 
encoded by cDNA obtained by PGR from oligonucleotide piimCTS from SEQ ID NO:9 
and SEQ ID NO: 10 with human cDNA as a template. Portions of a suitable Fc region 
5 may also be used, for exanq)le, an Fc region of human IgGi which has been 
deleted a sequence of amino acids responsible for binding to protein A, such that the 
resultant Fc region binds to protein G but not protein A. 

The [Gly4SCT]3 repeat sequence provides a linker sequence that separates the 
extracellular region of the CD40-L from the Fc portion of the fusion protein by a 
10 distance sufficient to ensure that the CD40-L properly folds into its secondary and 
tertiary stractures. Suitable linker sequences (1) will adopt a flexible extended 
conformation, (2) will not exhibit a propensity for developing an ordered secondary 
stracture which could interact with the functional domains of fusion proteins, and (3) 
will have minimal hydrophobic or charged character which could promote interaction 

15 with the functional protein domains. Typical surface amino acids in flexible protein 
regions include Gly, Asn and Ser. Virtually any permutation of amino acid sequences 
containing Gly, Asn and Ser would be expected to satisfy the above criteria for a linker 
sequence. Other near neutral amino acids, such as Thr and Ala, may also be used in the 
linker sequence. The length of the linker sequence may vaiy without significantly 

20 affecting the biological activity of the fusion protein. Linker sequences are unnecessary 
where the proteins being fused have non-essential N- or C-temfiinal amino acid regions 
which can be used to separate the functional domains and prevent steric interference. 

CD40-L polypeptides may exist as soluble polypeptides comprising the 
extracellular domain of CD40-L as shown in Figure 1 (SEQ ID N0:1) and Figure 2 

25 (SEQ ID NO: 11) or as membrane-bound polypeptides comprising the extracellular 

domain, a transmembrane region and a short intracellular domain, as shown in Figure 1 
(SEQ ID NO: 1) and Figure 2 (SEQ ID N0:11) for the murine and human sequences, 
respectively. Moreover, the present invention comprises oligomers of CD40-L 
extracellular domains or fragments thereof, linked by disulfide interactions, or 

30 expressed as fusion polymers with or without ^acer amino acid linking groups. For 
example, a dimer CD40-L molecule can be linked by an IgG Fc region linking group. 

Without being bound by theory, membrane-bound CD40-L and oligomeric 
CD40-L can achieve activity stimulating Ig formation and proliferation of B cells 
previously only achieved by cross-linked anti-CD40 antibody in the presence of IL-4. 

35 It further appears likely that monomeric soluble CD40-L, con^rising only tiie 

extracellular domain of OMO-L and capable of binding to CD40 receptor, will serve to 
antagonize the activity of membrane^bound and oligomeric CD40-L and/or cross-linked 
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anti-Ca)40 antibodies. Itfoither appears likely that tiieinteractioii of membrane-bound 
CD40-L with CD40 is tfaeprincqral molecularinteraction responsible for T cell contact 
dependent indnctioa of B cell growth and differentiation to bofli antigen specific 
antibodyprodnctionandpolydonallgsecretion. In this regard, a mammalian cell 
5 transfected with a cDNA encoding fiiE length CIMO-L (Le*. bein^ membrane-bound 
and having an intracenulardomain, atransmembrane region and an extracellular domain 
or a fiagmait diereof) can nrimic T cells in tfadr abffity to induce B ceH growth, 
diflfeiynt^fttrnn and srinmlatmn of antigei^spedfic antibody production. Itappearsthat 
activities of ofigomeric sdtable CD40-L, preferably a dimer of extraceUular regions, can 

10 mimir the Wological activities of membrane-bound CD40-L. Moreover, soluble 
monomeric CD40-L (comprising tiie extraceUnlardomain or a fragment thereof) can 
bmd to CD40 receptor to prevent T cell interaction witfi B cells and tiierefiar have 
activity «™Tflr to CD40 (receptor) extracdlular domain which itself may be in 
monomeric oritt oUgometic fomoL Ahemativdy, CD40-L can be oUgomeric (preferably 

15 a dnner) to actas asotablefeciorc^ableof indudngB cell growth, differentiation and 
stimulation of ant^en-spedfic antibody production. Accordingly, it appears tiiat 
manbtane-bound CD40-L and oligomerre CD40-L act as CD40 agonists, while soluble 
(monomeric) CD40-L and sohible CD40 act as CD40 antagonists by blockmg CD40 
recq>tor sites wiflioutagnificantiy ttansdadng signal or by preventing CaMO-Lbindmg 

20 to CD40 ales on B cells and o&er target cells. 

Both CD40 agonists and CD40 antagonists will have useful ±&capca&c activity. 
For example, (3540 agonists ^.e., manhrane-bound CD40-L and oligomeric CD40-L) 
are useful as vaccine adjuvants and for stimulating mAb production from hybridoma 
cells. CD40 antagonists 0.e., CD40 receptor, C3D40/Fc and possibly soluble, 

25 monoinericCD40-L) are useM for treating anioimniune diseases characterized by 
presence of hig^ levds (rfantigai-antibody con:q>Iexes, such as allergy, lupus, 
rheumatoid arthritis, insulin dependent diabetes mellitns (EDDM), graft versus host 
disease (GVHD) and otiios. 

IgE secxetion from human B cells can be induced by IL-4 in die presence of T 

30 cells (VerceUi et aL, /. fig). Med, 169:1295, 1989). Further, IgE production can be 
inducedfiomTcelldq)letedPBM peripheral blood mononuclear cells) iy addition of 
an anti-CD40 mAb (Jabara et aL, /. Ejqt. Med. 172:1861, 1990 and Zhang et aL, /. 
Immunol 146:1836* 1991). The present invention further inchides a metiiod for 
inhibiting IgE prodnction from activated B ceUs, activated by IL-4 in die presence of T 

35 cells or by GD40-L (jprefcrably, meoitaane-bound CD40-L), conaprising administering 
an effective amount of a CD4(VFc fusion protdn, as described hexein, or a soluble 
OMO encoded by die cDNA sequence describedinSEQID NO. 3. Similarly, CD40 
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receptors and possibly soluble CD40-L (monomCT only) can also block secretion of 
other antibody isotypes* 

The present invention further includes CD40-L polypeptides with or without 
associated native-patt^ glycosylation. CD40-L expressed in yeast or mammalian 
5 expression systems (e.g., CDS-7 cells) may be similar to or significantly different 
from a native O40-L polypeptide in molecular weight and glycosylation pattem, 
depending upon the choice of expression system. Expression of CD40-L polypeptides 
in bacterial e:^ression systems, such as E, colU provides non-glycosylated molecules. 

DNA constracts that encode various additions or substitutions of amino acid 
10 residues or sequences, or deletions of terminal or intonal residues or sequences not 
needed for biological activity or binding can be prepared. For example, the 
extracellular CD40-L N-glycosylation site can be modified to preclude glycosylation 
while allowing expression of a homogeneous, reduced carbohydrate analog using yeast 
expression systems. N-glycosylation sites in eukaryotic polypeptides are characterized 
15 by an amino acid triplet Asn-X-Y, wh^in X is any amino add except Pro and Y is Ser 
or Thr, Appropriate modifications to the nucleotide sequence encoding this triplet will 
result in substitutions, additions or deletions that prevent attachment of carbohydrate 
residues at the Asn side chain. In another example, sequences encoding Cys residues 
can be altered to cause the Cys residues to be deleted or replaced with other amino 
20 acids, preventing formation of incorrect intramolecular disulfide bridges upon 

renaturation. Human CIMO-L comprises five Cys residues in its extracellular domain. 
Thus, at least one of the five Cys residues can be replaced with another amino acid or 
deleted without effecting protein tertiary structure or disulfide bond fonnation. 

Other approaches to mutagenesis involve modification of sequences encoding 
25 dibasic amino acid residues to enhance expression in yeast systems in which KEX2 
protease activity is present Sub-units of a CD40-L polypeptide may be constructed by 
deleting sequences encoding terminal or internal residues or sequences. 

CD40-L polypeptides are encoded by multi-exon genes. The present invention 
further includes alternative mRNA constructs which can be attributed to different 
30 mRNA splicmg events following transcription and which share regions of identity or 
suxularity with the cDNAs disclosed herein. 

Antisense or sense oligonucleotides comprise a single-stranded nucleic acid 
sequence (either RNA or DNA) capable of binding to target CD40-L mRNA (sense) or 
CD40-L DNA (antisense) sequences. Antisense or sense oligonucleotides, according 
35 tt) the present invention, coniprise a fiagment of SEQ ID NO: 1 or SEQ ID NO: 1 1 , or a 
DNAorRNAconiplement ofSEQIDNO:lorSEQIDNO:lL Suchafiagment 
comprises at least about 14 nucleotides. Preferably, such a fragment comprises from 
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about 14 to about 30 nucleotides; The ability to create an antisense or a sense 
oligonucleotide, based upon a cDNA sequence for CD40-L is described in, for 
example. Stdn and Cohen, CtoaariZar- 48:2659, 1988 andvanderKioletal.. 

BioTedudques 6:958, 1988. 
5 Binding of antisense or sense oHgpnucleorides to target nucldc add sequences 

results in the fannation of duplexes tfiat block translation O^NA) or transcription 
QDNA) by one of several means, induding oih&nced degradation of llie duplexes, 
prematmetenninationof ttansct^tionortranslation, or by other means. Suitable 
polymetasepromotors include promotars for any RNA polymerase, orptomotors for 

10 any DNApolymetase. Antisense or sense oligonudeotides further comprise 

oligpnncleotides having modified sugar-phosphodiester badcbones (or other sugar 
linkages, such as those described m WO9I/06ffi9) and nrfietein such sugarlinkages arc 
resistant to endogenous nucleases. Such oligcmucleotides witii resistant sugar linkages 
are staWe in vivo (ie., c^Ie of resisting enzymatic degradation) butretain sequence 

15 spedfidty to be able to bmd to target nucleotide sequences. Otiier examples of sense or 
antisense oligonudeotides indude tiiose oligonucleotides which are covalently linked to 
oiganicmoieties, such as those described m WO 90A0448, and otiier moieties tiiat 
incrcases afBnityoftiieoligonudeotidefbr a target nuddc add sequence, such aspoly- 
(L-lysine). Further still, mtetcalating agents, such as dl^tidne, and alkylating agents 

20 or metal complexes may be attached vo sense or antisense oligonucleotides to modify 
bindingspedfidties of die antisense or sense oligonucleotide finr the target nudeotide 
sequence. Antisense or sense oligonudeotides may be introduced into a cell contaimng 
tiietar^tnnddcaddsequOTcel^anygraetransfermetiiod, includmg,fi>rexanq>le, 
CaP04-mediated DNA transfection. dectroporation, or other gene ttansfer vectors such 

25 asEpstdn-Bairvmis. Antisense or sense ofigonucleotides are preferably introduced 
into a cdl containing die targetnucMc add sequoice by insration of tiie antisense or 
senseohgonucleotide into a sqitable lettowral vector, then contacting tfie cell with the 
rettovuus vector contaming die inseacted sequence, dtherin v/vo orexvivo. Suitable 
retroviral vectors mdude, but arc not limtted to, the murine rctrovkus M-MiiLV, N2 (a 

30 retrovous derived ftomM-MuLV), oror the double copy vectors designatedDCTSA, 
DCrSB andDCrSC (seePCT AppHcation US 90/02656). Alternatively, otho- 
promotor sequ^ices may be used to ejqiress the oligonudeotide. 

Sense or antisense ofigonucleotides may also be introduced into a cdl 
containing die target nudeotide sequence by formation of aconjugate wiA aligand 

35 bmding molecule, as described in WO 91/04753. Suitable ligandbindmg molecules 
mclude, but are not linnted to, cell surfece receptors, growth factors, otfior cytokmes, 
or otiier ligands that bind to cell surface receptors. Preferably, conjugation of tiie 



wo 93/08207 



PCr/US92/08990 



/5 

ligand binding molecule does not substantially interfere with the ability of the ligand 
binding molecule to bind to its corresponding molecule or receptor, or block entry of 
the sense or antisense oligonucleotide or its conjugated version into the cell. 

Alternatively, a sense or an antisense oligonucleotide may be introduced into a 
5 cell containing the target nucleic add sequence by formation of an oligonucleotide-lipid 
complex, as described in WO 90/10448. The sense or antisense oligonucleotide-lipid 
complex is pref^bly dissociated within the cell by an endogenous lipase. 

The sequence of murine CD40-L cDNA was obtained by direct egression 
techniques. The sequence of human CD40-L was obtained by cross-species 
10 hybridization techniques using the murine CD40-L cDNA as a jnobe. 

We cloned murine CD40-L by first obtaining a clone of the extracellular region 
of human CD40 (the recq)tor) by polymerase chain reaction (PGR) techniques using 
primers based upon a sequence published in Stamenkovic et al. (SEQ ID NO:4), An 
upstream oligonucleotide primer 5'-CCGTCGACCACCATGGTTCGTCTGCC -3^ 
IS (SEQ ID N0:5) introduces a Sal 1 site upstream from an initiator methionine of CD40 
and a downstream oligonucleotide primer 5- 

CCGTCGACGTCTAGAGCCGATCCTGGGG-3' (SEQ ID NO:6) inserts a 
termination codon after amino acid 192 of CD40, followed by Xba 1 and Sa/ 1 sites. 
The an[iplified cDNA was digested with Sal 1 and cloned into pDC406 (McMahan et 

20 al., EMBO /, 10:2821, 1991) to construct pDC406/s CD40. 

A second CD40 receptor fragment (SEQ ID N0:4) was obtained by PGR 
techniques for fusion to the Fc domain of human IgGl (SEQ ID N0:3). Briefly, The 
upstream oligonucleotide prim^ (SEQ ID NO:5) and fusion template (SEQ ID N0:4) 
were the same as before. The downstream oligonucleotide primCT was 5 - 

25 ACAAGATCTGGGCTCTACGTATCTCAGCCGATCCTGGGGAC-3* (SEQ ID 
NO:7) that inserts amino acids Tyr Val Glu Pro Arg (SEQ ID NO:8) after amino acid 
193 of CD40. Glu and Pro are the first two amino acids of a hinge region of human 
IgGl, and are followed by a Bgl n restriction site. The Bgl U restriction site was used 
to fiise the extracellular domain of CD40 to the remainder of human IgGl Fc region. 

30 Otiier fusion proteins comprising ligand binding domains from other Kceptors 

can be made by obtaining a DNA sequence for the ligand binding domain of a receptor 
and fusing this sequence to a DNA sequence encoding an Fc region of an antibody 
molecule that binds to protein A or protein G, or another polypeptide that is capable of 
affini^ purification, for example, avidin or streptavidin. The resultant gene construct 

35 can be introduced into mammalian cells to transiendy express a fusion protein. 
Receptor/Fc fusion proteins can be purified by protein A or protein G affinity 
purification. Recqptor/avidin fusion proteins can be purified by biotin affinity 
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Chromatography. The fusion protein can kter be removed torn the column by duting 

with a high salt solution or anorfier appropriate buffer. 

We obtained a cDNA encoding human IgGl Fc region by PGR amplification 

using cDNA ftom human cells as a template and an upstream oUgonudeotide primer 5*- 
5 TATTAATCATr(^GTAGGGC(XAGATCTrGTGACAAAACTCAC-3' (SEQID 

N0:9) and a downstteam oligonucleotide primer 5 - 

GCCAGCITAACrAGTrCATrEACCCGGAGACAGGGAGA-3" (SEQlDNOrlO). 
HiePCR amplified cDNAintroducedafi^/nsite near the beginning of the hinge 
region, which was used to Hgate CD40 extraceUular domain to construct a s CD40/Fc 
10 fusioncDNA.whichwasHgatedintopDC406toconstractpDCWCD40/Fc. OAct 
suitable Fc regions arc defined as any region that can bind with high affinity to protdn 
A orprotein G, and includes the Fc region of human IgGl or murine IgGL One 
example is the human IgGl Fc region shown in SEQ ID NO:3 or the cDNA obtained 
by PGR from oKgonucleotide primers from SEQID N0:9 and SEQID NO:10 with 

15 human d)NA as a ten^late. 

Receptoi/Fc fusion molecules preferably are synthesized in recombinant 
ipammflliaTi ceU culuire bccause they are generally too large and complex to be 
synthesized by prokaryotic expresston methods. Examples of suitable mammalian ceUs 
fijr expressing areceptor/Fcfusionprotem include CV-1 cells (ATCC CCL70) and 

20 CX)S-7 ceUs (ATCC CRL 1651), both derived from monkey kidney. 

TheDNA consmictpDC406/CD40/Fc was transfected into the monkey kidney 
cdl Knc CY-I/EBNA (ATCC CRL 10478). The pDC406 plasmid includes regulatory 
sequences derived from S V40, human immunodeficiency virus (HIV), and Epstdn- 
Barr virus (EBV). The CV-l/EBNA ceU hne was derived by transfection of the CV-1 

25 cdl line with a gene encoding Epstem-Barr virus nuclear antigen-1 (EBNA-1) and 
constitntivdy express EBNA-1 driven fi»m human CMV immediate-early 
enhancer/promoter. AnEBNA-1 gene allows far episomalrepHcation of expression 
vectors, such as pDC406, that contain the EBV origm of replication. 

Tiansfectants expressing CD4(VFc fusion protdn are initiaUy identified using 

30 dot blots or Western blots. The supematants are then subjected to dot blot or gel 

elKrtiophoiesis foUowed by transfer of the dectrophotesed proteins for binding to G28- 
5 mAb (an antibody that binds to human CD40 receptor). The blotted proteins were 
then incubated with ladiolabded with i25i.protein A, washed to remove unbound label, 
andexaminedforejq«ressionofFc. Monodonal antibody G28-5 was produced 

35 according to dark et aL^ sipra. 

Once cdls expressing fte fusion construct were identified, large scale cultures 
of transfected cells were grown to accumulate si^anatantfrom cells expresang 
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CD40/FC. CD40/FC fusion protein in supernatant fluid was purified by affinity 
purificadorL Briefly, one liter of culture supernatant containing CD40/FC fusion protein 
was purified by filtering mammalian cell supematants (e.g., in a 0.45|i filter) and 
applying filtrate to a protein A/G antibody affinity column (Schleicher and Schuell, 
5 Keene,NH)at4"Cataflowrateof80ml/hrforal.5cmxl2.0 cmcolumn. The 
column was washed with 0.5 M NaCl in PBS until free protein could not be detected in 
wash buffer. Finally, the column was washed with PBS. Bound fusion protein was 
eluted from the column with 25 mM citrate buffer, pH 2*8, and brought to pH 7 with 
500 mMHepes buffer, pH 9.L Silver-stained SDS gels of the eluted CD40/Fc fusion 

10 protein showed it to be > 98% pure. 

Soluble CD40 (sCD40) and CD40/Fc fusion proteins were made as described 
herein. The supematants were purified through a G28-5 (anti-CD40 mAb) affinity 
column to affinity purify sCD40 expressed by the transfected CV-l/EBNA cells. 
Protein-containing fractions were pooled and aliquots removed for G28-5 binding 

15 assays and analysis by SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel 

electrophoresis) in the presence of 1 mM dithiothrcitol as a reducing agent A single 
band was seen of molecular weight 28,100 daltons. In the absence of a reducing agent, 
SDS-PAGE analysis of saD40 revealed two bands, a major band of molecular weight 
56,000 and a minor band of molecular weight 28,000. The banding pattern indicates 

20 that the majority of sCD40 exists as a disulfide-linked homodima in solution. The 
28,000 band is free monomer. 

CD40 proteins were visualized by silver staining. Sample protein 
concentrations were determined using a micro-BCA assay (Pierce) with ultrapure 
bovine seram albumin as standard. Soluble CD40 purity and protein concentration 

25 were confirmed by amino acid analysis. Purified soluble CD40 was absorbed to PVDF 
paper and the paper subjected to automated Edman degradation on an Applied 
Biosystems model 477A protein sequencer according to manufacturers instructions for 
N-terminal protein sequencing. This procedure checked the protein sequence of 
sCD40- 

30 Soluble CD40 and CD40/Fc fusion protein were able to modulate human B cell 

responses in the absence of anti-CD40 mAb (G28-5). Purified tonsillar B cells were 
cultured with anti-IgM and human IL-4 and either sCD40 or CD40/Fc fusion protein 
was added. Neither form of CD40 had an inhibitory effect on B cell proliferation (as 
measured by tritiated thymidine incorporation). IL-4 receptor, by contrast, inhibited 

35 ILr4-induced B cell proliferation in a concentration-dependent manner. 

Soluble CD40 and CD40/Fc were tested for their ability to inhibit IL-4 induced 
IgE secretion in a 2-donor MLC (mixed lymphocyte culture) system. In three 



PCT/US92/08990 

WO 93/08207 

experiments, the levd of I^piodncriottwas^^ of CD40 was 

increased. S<dubleCWO.addedataconcentrationof IG MgAnl, wasabletocompletety 
inMWtlgEsecrctioniiitliisinodelafanergy. Further. CIMO/Fb had simUar effects as 
itssdublecounteipart. However. addMon of an IL-Treceptor-Fc fusion protein 
5 bysiinilarptoceduiBSwithapublishedII^7recq)torsequence)didnotaffec^ 

of Ig^ in this model. 

Levels of CD23 were also measured in the same MLC in response to sCD40 or 

C3)40/FfefusionptotBins. Soluble CD40 produced a small, but reproducible decrease 

in sCmS level at day 6 compared to cultures stimukied with IL4 alone, however a 

10 stiongerinhibitatyeffectwaspronouncedatday 12 in the same cultures. Soluble 

CD23 induction by IL-4-stimulated T-^leted PBM (peripheral blood macrophages) E" 
cells was simflady affected by addition of sCD40, causing a small decrease in sCD23 
levels at day 6 and a more pronounced inhibition at day 12. In each culnire system, the 
results widiCD40/Fc&sionprotdn were substantially the same as with sCD40. 

15 ManefiEbrttoisdatea<©NAfbraCD4()-L.purifiedCD40/Fcfim^ 

wasradicriodinated with 1251 usingacommetdany available soUd phase agent aOD(> 

GEN. Keroe). Jn thisprocedure. 5 ^igof lODCK^ wereplated at the bottom of a 10 
X 75 mm glass tube and incubatedfortwentyminutes at 4* C with 75 jd of 0.1 M 
sodiumphosphale. pH7.4and20 (2 mQ) Nal25L The solution was then 

20 ttansfeiredtoasecondglasstubecontaining5|igQfCD40/Fcin45MlPBS (phosphate 
bufifaed saHne) and this reaction nmxture wasincubated for twenty minutes at 4' C. 
The reaction mixture was fiactionated by gel filtration on a 2 ml bed volume of 
Sq)hadex® G-25 (Sigma), and then equifibtated in RPMI 1640 medium containing 
2.5% (v/v) bovine serum albumin (BSA), 0.2% (v/v) sodium azide and 20 mM Hepes, 

25 pH 7.4 binding mediunL The final pool of ^ CD40/Fc was dHuted to a woridng 
stock solution of 1 x lO-^M in bindingmedium and stored for up to one montfi at 4* C 
wMiout detectable loss of recqitor bintfing activity. 

A cDNA library was prq)aied fiom a EL4 cdl line aarted by FACS 
(fluorescence activated cell sorting) on tiie basis of landing of abiotinylaled CD40/Fb 

30 fusion protdtt. Cells were sorted five times until there was a significant shiftin 

fluorescence intensity baseduponexpressionof aligandforCD40 by tiie sorted EL-4 
cells. Thefive-timessortedcells werecdledEL-40.5 cells and tiiese cells were 
cultured fertile purposes of cteatingacDNAHbraryfiXJmEL-40JmRNA, Briefly. 
cDNA was syntiiesized. inserted into empty pDC406 vector and transformed into£. 

35 coK. Tiansformants were pooled, and tiie DNA fiom thepools was isolated and 
transfected into CVl-EBNA cells to create an expression cloning library. Transfroted 
CVl-EBNA cdls were cultured on slides for tiuee days to permit transientexprcssion 
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of CD40-L. The slides containing the transfected cells were then incubated with 
radidodinated CD40/Fc, washed to remove unbound CD40/Fc, and fixed witfi 
glutoraldehyde. Hie fixed slides were dipped in liquid photographic emulsion and 
exposed in the daxk After developing the slides, they were individually examined with 
5 a microscope and cells expressing CD40-h w^ identified by the presence of 
autoradiographic silver grains against a light background. 

The expression cloning library from EL-40.5 cells was screened and one pool, 
containing approximately 2000 individual clones, was identified as positive for binding 
125i labeled CD40/Fc fusion protein. This pool was broken down into smaller pools of 

10 approximately 200 colonies. The smaller pools were screened as described above. 
One of the smaller pools was positive for CD40-L. 

A single clone was isolated and sequenced by standard techniques, to provide 
the cDNA sequence and deduced amino acid sequence of murine OD40*L as shown in 
Figure 1 and SEQ ID NO:l. 

15 The human homolog CD40-L cDNA was found by cross species hybridization 

techniques. Briefly, a human peripheral blood lymphocyte (PBL) cDNA library was 
made from peripheral blood lymphocytes treated with OKT3 antibody (ATCC, 
RockviUe MD) that binds to CD3 (10 ng/ml) and interleukin-2 (IL-2, 10 ng/ml) for six 
days. The PBL cells were washed and then stimulated for 4 hours with 10 ng/ml PMA 

20 (phorbol myristate acetate, Sigma St Louis) and 500 ng/ml ionomycin (Calbiochem). 
Messenger RNA was isolated &om stimulated PBL cells, cDNA formed and cDNA 
was ligated into Eco Rl linkers. Ligated cDNA was insCTted into the Eco Rl site of 
XgtlO phage cloning vehicle (Gigapak® Stratagene, San Diego, CA) according to 
manufacturers instmctions. Phage were amplified, plated at densities densities of 

25 approximately 20,000 phage per 15 cm plate, and phage lifts were performed, as 
described in Maniatis et al.. Molecular Biology: A Laboratory Manuals Cold Spring 
Harbor Laboratory, NY, 1982 , pages 316-328. A murine probe was constructed 
corresponding to the coding region of murine CD40-L from nucleotide 13 to nucleotide 
793 of SEQ ID NO:l and Figure 1. This probe was hybridized to to the PBL library 

30 phage lifts under conditions of moderate to severe stringency. Briefly, hybridization 
conditions were 6 X SSC, 1 X Denhardf s solution, 2 mM EDTA, 0.5% Np40 
(Nonidet P-40 detergent) at 63 T overnight This was followed by washing in 3 X 
SSC, 0.1% SDS for three hours at 55'C, followed by overnight exposure to X-Ray 
film. Positive plaques were identified at a frequency of approximately 1 per 1000 

35 plaques. Positive plaques w^ purified twice and cDNA was prepared from amplified 
cultures. 
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One can utilize ftemurine ar human CD40-LcDNA sequences disclosed herem 
taobtain dJNAs cncodingothermammalian homologs of murine or human CD40-L by 
cross-spedeshybridization techniques. Briefly, an oUgonucleotide probe is created 
ftomthenucleotidesequenoeof the «ciracellnlar region of murine CD40-L as descnbed 
5 inRguiel (SEQIDNO:l)orhumanCD40-LasdescribedinRgure2(SEQID 
NO-11) Thispiobecanbemadebystandardtechniques.suchasthosedescnbedm 
MamatisctaLii«)r£L Themurineorhumanprobeisusedto^^^^ 
dJNAlihratyorgBnomicKfaaiyundermoderaiestringency conditions Examplesof 
nfflmmaIianc©NAorgaiomiclibiariesinclude.forcDNA. a^^ 

10 manmal'speriphetalbloodlynq^hocytes. Alternatively. vm^^ 

mRNAs isolated fiom various cell lines can be screened by Northern hybridizanon to 

determine a suit^le source of manmialian CD40-L DNA or mRNA 

Recombinantexpiession vectors for expresaonof OMO-L by recombmant 
DNAtedmiquesindudea CD40-LDNA sequence con?)rising a synthetic or cDNA- 

15 derivedDNAftagmentcncodingaGD40-Lpdypq)tide,operablylinkedtoasm^^^^ 
transciqitionalortransfetionalregulatory nucleotideseq^^^^ such as one denved from 
amammaIian,microbial. vital, orinsectgene. Examples of regulatory sequences 
inctade sequences havingaiegalatory.ioIeingeneexpression(e.g..atm^ 
promoter or enhancer), optionaEy an operator sequence to contrrf transcription, a 

20 sequenceencodinganmRNAribosomalbindingsite, and appropriate sequences which 
control tianscriptioiiandtranslationinitiationandtemiination. Nucleotide sequences 
areopetablylinkBd when theregulatory sequence fimctionany relates to the 
DNAsequence. Thus, apromoternucleotide sequence is operably linked to a a>^ 
DNA sequenceiflhepiomoter nucleotide sequence controls die transcription of the 

25 C3>40-L DNA sequence. Stillfurther,aribDSomebinding site may be operably linked 
loa sequencefbr aCD40-Lpolypeptide if tiieribosome bmding site is positioned 
witlrintiievectortoencourag^translation. In addition, sequences encoding signal 
peptides can beincorpotatedintoexpressfon vectors. For example, a DNA sequence 
for asignalpeptide (secretory leadCT) may beoperably linked to a 

30 sequence. The agnal peptide is expressed as apcecuisor amino add sequence which 
enables inqaoved extraceUuIar secretion of translated fusion polypeptide by a yeast host 
cell 

Suitable host cells forexpression of CD40-L p61ypq)tides include prokaryotes, 
yeastorhighereukaryoticcdls. ftokaryotesinchide gram negative or grampositive 
35 organisms. fbrexanq»Ie.£.coff orSflC«/t. Suitable piokaryotic host cells for 

typ}dmmum, and various otiierspedes wifliin die ffxiea.Pseudomonas, 
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Streptomyces, and Suq^kylococcus: Higher eukaryotic cells include established cell 
lines of mammalian origin. Cell-free translation systems could also be employed to 
pioduce CD40-L polypeptides using RNAs derived from DNA constructs disclosed 
herein. Appropriate cloning and expression vectors for use with bacterial, fungal, 
5 yeast, and mammalian cellular hosts are described, for exaniple, in Pouwels et al. 
Cloning Vectors: A Laboratory Manual, Elsevier, New York, (1985), 

In a prokaryotic host cell, such as E. colU a CD40-L polypeptide or analog may 
include an N-tenninal methionine residue to facilitate expression of the recombinant 
polypq)tide in the prokaryotic host cell. The N-tenninal Met may be cleaved from the 

10 expressed recombinant CD40-L polypeptide. Prokaryotic host cells may be used for 
expression of CD40-L polypeptides that do not require extensive proteolytic or 
disulfide processing. 

The expression vectors carrying the recombinant CD40-L DNA sequence are 
transfected or transformed into a substantially homogeneous culture of a suitable host 

15 microorganism or mammalian cell line. Transformed host cells are cells which have 
been transforaied or transfected with nucleotide sequences encoding CD40-L 
polypq)tides and express CD40-L polypeptides. Expressed CD40-L polypeptides will 
be located within tiie host cell and/or secreted into culture supernatant fluid, depending 
upon the nature of the host cell and the gene construct inserted into the host cell. 

20 Expression vectors transfected into prokaryotic host cells generally comprise 

one or more phenotypic selectable markers. A phenotypic selectable marker is, for 
example, a gene encoding a protein that confers antibiotic resistance or that supplies an 
autotrophic requirement, and an origin of replication recognized by the host to ensure 
amplification within the host Other useful expression vectors for prokaryotic host cells 

25 include a selectable marker of bacterial origin derived from commercially available 
plasmids. This selectable marker can comprise genetic elements of the cloning vector 
pBR322 (ATCC 37017). pBR322 contains genes for ampicillin and tetracycline 
resistance and thus provides simple means for identifying transformed cells. The 
pBR322 "backbone" sections are combined with an appropriate promoter and a CIMO- 

30 L DNA sequence. Other commercially vectors include, for example, pKK223-3 
(Pharmacia Fine Chemicals, Uppsala, Sweden) and pGEMl (Promega Biotec, 
Madison, WI, USA). 

Promoter sequences are commonly used for recombinant prokaryotic host cell 
expression vectors. Conmion promoter sequences include p^lactamase (penicillinase), 

35 lactose promoter system (Chang et al.. Nature 275:615, 1978; and Goeddel et al.. 

Nature 257:544, 1979), tryptophan (tip) promoter system (Goeddel et al., Nucl Acids 
Res. 5:4057, 1980; and EP-A-36776) and tac promoter (Maniatis, Molecular Cloning: 
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ALaboratoiyManuiAColdSvDigBBAorLa^^ 1982). Aparticularly 
useMprokaiyotichostceUeqjiessioasystm^ 

cI857ts&ennDlaIjfleiq«iBSSor sequence. Hasmid vectors available ftom the American 
Type Cultme Collectioa wMch incoiparatB derivatives of the X Pl promoter include 
5 plasriiidpHUB2(iesidentin^.co£straiiiJMB^(ATrc 

in E. coK RRl (ATCC 53082)). 

CD4()-L inay be expressed in yeast host cdls, preferably fixMn the 

Sacchanmces genus(e.g., 5. cerevisiae). Othergeneraof yeast. such asPichiaor 
ja«yvcra»iycey,mayalsobeeiiiptoyed. Yeast vectors wiU often contain an origin of 

10 leplicatioa sequence fiom a 2|iyeastplasmid. an autonomously replicating sequence 
(ARS). apromoter region, sequences for polyadenylation, and sequences for 
transcripdontermination. Preferably, yeast vectors include an origin of lepUcation 
sequenceandselectablemaiker. Suitable promoter sequences for yeast vectors include 
promoters for metaUotfaionein, 3-phosphogJycerate kinase (ffitzeman et al., /. Bhl. 

15 Chem,255i3ff73, 1980) orother glycolytic enzymes (EfessetaL, /. Adv.Enzyme 
Reg. 7:149. 1968; andHblland etaL, Biochem. 17:4900. 1978). such as enolase, 
glyceraldehyde-S-phosphate dehydrogenase, hexoldnas^ pyruvate decarboxylase, 
phosphoftuctokinase, gIucose-6-phosphate isomerase, 3-phosphoglycerate mutase. 
pymvatekinase, triosq)hosphate isomerase, phosphoglucose isomCTase, and 

20 glucokinase. Oflier suitable vectors and promoters for use in yeast expression arc 

further (tescribed in Hit^man. EPA-73.657. 

Yeast vectors can be assembled, fiir example, using DNA sequences from 
pBR322 for selection and replication in E. coU (Ampf gene and origin of rq)lication). 
Other yeastDNA sequences that can be inchidedin a yeast expression construct include 

25 aglucose-iepressibleADH2pronroteranda-fiM«orsecretionleader. TheADH2 
promoter has beendescribed by Russell etal (LBiolChem.2SS:26U, 1982) and 
BderetaLCytoure 500:724, 1982). The yeast a-faetorleader sequence directs 
secretion of heterologous polypeptides. The effector leader sequence is often inserted 
between flie promoter sequence and die stractural gene sequence. See, e.g., Kurjan et 

30 aL, CeU 50:933. 1982 andBitter et aL, Proc. Nad. Acad. Sci. USA 81:5330, 1984. 
Oflier leader sequences suitable for fecilitating secretion of recombinant polypeptides 
fixjm yeast hosts are known to tiiose of skill in die art A leader sequence may be 
modifiednearits 3' end to contain one or more restriction sites. This will fecilitate 
ftision of the leader sequence to the stnictund grae. 

35 Yeast ttans&nnation protocols areknown to tiiose of skill in tiie art One such 

protocol is described by IBnnen et aL, Proc. Natl. Acad. Sci. USA 75:1929. 197S. 
The Hinnen et al. protocol selects for Ttp+ tcansfontnants in a selective medium, 
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wherein the selective medium consists of 0*67% yeast nitrogen base, 0.5% casamino 

adds, 2% glucose, 10 ^g/ml adenine and 20 ^g/ml uracil. 

Yeast host cells transforaied by vectors containing ADH2 promoter sequence 

may be grown for inducing expression in a "rich" medium. An example of a rich 
5 medium is one consisting of 1% yeast extract, 2% peptone, and 1% glucose 

supplemented with 80 \ig/tri adenine and 80 ^g/ml uracil. Derepression of the ADH2 

promoter occurs when glucose is exhausted from the medium. 

Mammalian or insect host cell culture systems could also be employed to 

express recombinant CD40-L polypeptides. Examples of suitable mammalian host cell 
10 lines include tiie OOS-7 line of monkey kidney cells (ATCC CRL 1651) (Gluzman et 

al., Cell 23:175, 1981), L cells, C127 ceUs, 3T3 cells (ATCC CCL 163), Chinese 

hamster ovary (CHO) cells, HeLa cells, and BHK (ATCC CRL 10) cell lines. Suitable 

mammalian expression vectors include nontranscribed elements such as an origin of 

replication, a promoter sequence, an enhancer linked to the structural gene, other 5' or 
15 3' flanking nontranscribed sequences, such as ribosome binding sites, a 

polyadenylation site, splice donor and acceptor sites, and transcrqitional termination 

sequences. 

Transcriptional and translational control sequences for maxxmialian host cell 
expression vectors noay be excised from viral genomes. For example, commonly used 

20 mammalian cell promoter sequences and enhancer sequences are derived from Polyoma 
vims. Adenovirus 2, Simian Virus 40 (SV40), and human cytomegalovirus. DNA 
sequences derived from the SV40 viral genome, for example, SV40 origin, early and 
late promoter, enhancer, splice, and polyadenylation sites may be used to proyide the 
otiier genetic elements required for e^qiression of a structural gene sequence in a 

25 mammalian host cell. Viral early and late promoters are particularly useful because both 
are easily obtained from a viral genome as a finagment which may also contain a viral 
origin ofreplication(Fiersetal.,//amre 275:113, 1978). Smaller or larger SV40 
fragmmts may also be used, provided the approximately 250 bp sequence extending 
from the Hind JR site toward the Bgl I site located in tiie S V40 viral origin of 

30 replication site is included. 

Exemplary mammalian ejqnession vectors can be constructed as disclosed by 
Okayama and Berg (MoL Cell Biol 5:280, 1983). A useful high expression vector, 
PMLSV N1/N4, described by Cosman et al., Nature 312:76S, 1984 has been deposited 
as ATCC 39890. Additional useful mammalian expression vectors are described in EP*- 

35 A-0367566, and in U.S. Patent Application Serial No. 07/701,415, ffled May 16, 
1991, incorporated by reference herein. For expression of a type n protein 
extracellular region, such as CD40-L, a heterologous signal sequence should be added. 
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sa(*asthesigndsequence.forintedeukiii-7 (IL-7) desaibed in United States Patent 
4^65.195. or the signal sequence for interIeuldn-2 receptor described in United States 
Patent Applicatiott 06/626,667 filed on My 2, 1984. 

Human ormurine CD40-Lcatt bemade in membtane-boundfonn when an 
5 iniracennlarandtransmembraneregionsaieindudedorinsolubleformwithonly.A^ 
eaiacdtolardomain. We expressed fuU length miwineCmO-L in mammalian cells to 
yieldcdlsexptessingmemhiane-boundmnrineCD40-L. CVl cells were transfected 
witha<©NAsh0wnittRgu« l(SEQIDNQ:I)inHAVEOveaororCVl cells were 

tiansfected with HA.VEO empty vector usmg techniques described in Example 6 herein. 
10 This yielded transfected CVl cells expresang membrane-bound murine CD40-L. 

These cells wei© used as a source of membrane-bound murine CD40-L for the series of 
experiments reportedinExamples 10-13i^ortedbelow. 
PnTffir.inn oFRecmnhinant nMO-T^PnlYPCTtidW 
CD40-L polypeptides may beprepared by cultratagtransfomied host cells 
15 undercuItureconditionsnecessarytoexpiessCD40-LpoIypq)tides.^^ 
ejqnessedpofypqitidesinayftenbepurifiedfiramculniremediaorcen 
CD40-Lpdypq>tide, if desired, may be concentratBdusingacamineixa available 

prot«nconcentiationfiIter,forexan5)Ie,anAmicottarNfilli^ 

unit. FollowingtJieconcentrationstq.,theconceniraiBcanbe applied to apurification 

20 matrix sucb as agclfiltrationmedium. Alternatively, an anion exchange resin can be 
employed, for exanyle, amatrix or substtatehaving pendant dietfaylaminoethyl 
(DEAE) groups. The matrices can be aciylamide, agarose, dextran. ceUulose or other 
types commonly employedinptotdnpurification. AfiemaHvely, a cation exchange step 
canbeen5)loyed. Suitable cadon exchangers include various insoluble matrices 

25 comprismg sulfqpropyl or carboxymethyl groups. Sulfopiopyl groi5>s are preferred. 

Rnally, one or nmre reverse-phase high performance liquid chronaatography 
(RP-HPLQ steps employing hydrophobic RP-HPLC media, (e.g., alica gel having 
pendant methyl or oflier aHphatic groups) can be employed to fcrflier purify CD40-L. 
Some or all of the foregomg purification steps, in various combinadons, can also be 

30 employed to provide a substantially homogeneous recombinantprotran. 

It is also possible to utilize an affinity cotamncomprising CD40 Ugand binding 
domain to affinity-purify ecpressedCD40-Lpolypq)tides. CD40-Lpol3peptides can 
be removed ftom an affinity cohmm in a high salt dution buffer and dten dialyzed into a 

lower salt buffer for use. 
35 Rccombinantproteinpioducedinbacterialcutaireisusuanyisolatedbyinitial 

disruption of the host cells, centrifiigation, extraction ftom cell pellets if an insoluble 
polypeptide, or ftom tiie st?)ematant fluid if a sohible polypeptide, foUowed by one or 
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more concentration, salting-out, ion exchange, affinity purification or size exclusion 
chromatography steps. Finally, RP-HPLC can be en^loyed for final purification 
steps. Microbial cells can be disrupted by any convementniethod, including fre^ 
thaw cycling, sonication, mechanical disruption, or use of cell lysing agents. 
5 Transformed yeast host cells arc preferably employed to express CD40-L as a 

secreted polypeptide. This sinq)lifies purification. Secreted recombinant polypeptide 
fiom a yeast host cell fermentation can be purified by methods analogous to those 
disclosed by Urdal et al. (/. Chromatog. 296:171, 1984). Urdal et al. describe two 
sequential, reversed-phase HPLC steps for purification of recombinant human IL*2 on 
10 a preparative HPLC column. 

Administration of CD40'L Compositions 

The present invention provides therapeutic compositions comprising an 
effective amount of CD40-L in a suitable diluent or carriCT and methods of treating 
mammals using the compositions. For thCTapeutic use, purified CD40-L or a 

15 biologically active analog thereof is administered to a patient, preferably a human, for 
treatment in a manner appropriate to the indication. Thus, for example, CD40-L 
pharmaceutical compositions (for example, in the form of a soluble extracellular 
domain, or a fragment thereof) which is administered to achieve a desired ther^eutic 
effect can be given by bolus injection, continuous infusion, sustained release from 

20 implants, or otiier suitable technique. Typically, a CD40-L tiierapeutic agent will be 
administered in the form of a pharmaceutical coniposition conxprising purified CD40-L 
polypeptide in conjunction with physiologically accq>table carriers, excipients or 
diluents. Such carriers Avill be nontoxic to patients at the dosages and concentrations 
employed. Ordinarily, the preparation of such compositions entails combining a CD40- 

25 L polypeptide with buffers, antioxidants such as ascorbic acid, low molecular weight 
G^ss than about 10 residues) polypeptides, proteins, amino acids, carbohydrates 
including glucose, sucrose or dextrans, chelating agents such as EDTA, glutathione and 
other stabilizers and excipients. Neutral bufifered saline or saline noixed witii 
conq)ecific serum albumin are exenq)laiy ^ppro^ CD4&-L sense or 

30 antisense oligonucleotiules miay be administered in vivo by administering an effective 
amount of a vector containing a nucleic add sequence that encodes and effective 
antisense or sense oligonucleotide. Additionally, CD40-L sense or antisense 
oligonucleotides may be administered ex vivo by removing cells containing CD40-L 
DNA or mRNA from an individual, incorporating an antisense or sense oligonucleotide 

35 into the cells using gene transfo* techniques, and re-infusing the cells into the 
individual. 
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TtefoUcMmgexamplesaieiiiiendfidtomustraiep^ 
not limit &e saq)e of the inventioiL 

5 TWsexampledescribesconstmctionofaCD40/FcDN^ 
sotobleCnJWc&aonpiotdnfeiiseindetectingcDNAd^^^^ 
Kgand. Ihec^NAsequenceofthe^tracelM^ 

CpS>tecImiques,andisbasednponlii.seqaencepublishedm 
^ra. ACD40plasnM(CDM8)wasusedasatemplateforPCRamplffi^^^^ 
CDMSisdescribedinStamenkovicetaLandw^obtainedfiomthea^^^^^ APCR 

techmqne(SaddetaL.Sd^e239:4a7. 1988^^ 
3'(do.»nstream)oBgonudeotideprimerstoampI^ 
CD40extiaceaiiIarKgandbindingdomain. Upstream oKgonucl^^^^ 
15 cCGICGACCACCATCGTimTCrGCC-3'(SEQIDNO:5)intioducesa5^^ 

npsireamftomaninitiaiormediionineofCIMOandadowm^ 
pLer5'.ACAAC3ATCKKK5C^^ 

(SEQID NO:7)1hatinsert.aminoaddsl^ ValGHiPro ArgCSEQID N0:8) after 
aminoarid 193 of CD40.GluandPiaaiefhetotwo amino adds ofahmge region 
20 ofhimianIgGl.andaiefoUowedbya^^/nieslrictionsitethatwasusedtofusethe 

effiacdIidardomainQfCD40totIieiemainedrfhimianI^^ 

llieDNAconstraa03O4G^CD4OyFcwastranrfectedintothemonkeyfa^^^ 

cdllineCV-l/EBNA(ATCCCSL 10478). The pDC406plasmid includes legulatory 
seqoencesderivedftomSV40.1iumanimmunodeficiency vims (HIV). andEpstem- 
25 BairvimsCEBnTlieCV.l/EBNAcelllinewasderivedbytmsfectionof 

cdlline wi& ageaeencodingEpstdn-Bairvirusnuclear antigen-i (EBNA-1) that 
constitutively «q>ressesEBNA-l driven fiom the human CMV intennediate-early 
enhancer/iitomoter. TheEBNA-IgeneaUowsiorepisomalrepUcationof e:q)ression 
vectors, such aspDC4G6. that contain theEBVorigin of replication. 
30 Oncecdls«qjtessingthefusionconsttoctweteidentified, large scalecultures 

of transfected cells vwae giovm ID aecumolaie sr5)ematant fom celk 
C3>40/Fc. Thea>4(WEkjfnsiottpiotdninsupematantfluidwaspurifiedbyaffi^ 
purification. Briefly, oneHterofcuIturesupematantcontainingtheCD40/Fcfusion 
piottin was purified by filtering mammalian cdl siqjematants (e.g., m a 0.45^. filter) 
35 and^lyingfiltratetoaproteinAyGantibodyaffimtycolumnCSchleicherandSchuell, 
Keene,NH>at4-Cataflowtateof80mVhrforal.5cmxl2.0 cmcolumn. The 
column was washed with 05MNaainraS phosphate buffeted saline) until free 
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protein could not be detected in wash buffer. Finally, the column was washed with 
PBS. Bound fusira protein was eluted from the column with 25 mM citrate buffo:, pH 
2.8, and brought to pH 7 with 500 mM Hepes buffer, pH 9.1. Silver-stained SDS gels 
of the eluted C3)40/Fc fusion protein showed it to be > 98% pure. 
5 Purified CD40/Fc fusion protein was iodinated with 125i using a commercially 

available solid phase agent (lODO-GEN, Pierce). In this procedure, 5 ^lg of lODO 
OEN were plated at the bottom of a 10 x 75 mm glass tube and incubated for twenQr 
minutes at 4' C with 75 ^1 of 0.1 M sodium phosphate, pH 7.4 and 20 ^ll (2 mG) 
Nal25i. The solutim was tfien transferred to a second glass tube containing 5 \Lg of 

10 CD40/FC in 45 Hi PBS and this reaction mixture was incubated for twenty minutes at 4' 
C. The reaction mixture was fractionated by gel filtration on a 2 ml bed volume of 
Sephadex® G-25 (Sigma), and then equilibrated in RPMI 1640 medium containing 
2.5% (v/v) bovine serum albumin (BSA), 0.2% (v/v) sodium azide and 20 mM Hepes, 
pH 7.4 binding medium. The final pool of 125i CD40/Fc was diluted to a working 

15 stock solution of 1 x 10-7 M in binding medium and stored for up to one month at 4' C 
widiout detectable loss of receptor binding activity. 

Approximately 50% - 60% label inccnporation was observed. Radioiodination 
yielded specific activities in the range of 1 x 10*5 to 5 x 10^5 cpm/nmole (0.42 - 2.0 
atoms of radioactive iodine per molecule of protein). SDS polyacrylamide gel 

20 electrophoresis (SDS-PAGE) revealed a single labeled polypeptide consistent with 
expected values. The labeled fiiaon protdn was greater than 98% trichloroacetic acid 
(TCA) predpitable, indicating that the ^25i was covalently bound to the protein. 

F.YAMPT.F 2 

25 This exan^le describes selection of a cell line putatively ejcpressing CD40-L. 

Several cell lines woie screened using the radidodinated CD4(VFc fusion jrotdn 
described in Example 1. Briefly, quantitative binding studies were performed 
acconfing to standard methodology, and Scatchard plots were ^rived for die various 
cdl lines. A donal cdl line (EL4, ATCC Catalog TIP 39) a murine thymoma cell line 

30 was identified and sorted. Prior to sorting, EL4cdls were found to express 

approximatdy 450 molecules of CD40-L per cdl. The seventh sort cells were called 
EL-40.7 and were grown and found to e)q}ress Bf/pcaxMattly 10,000 molecules of 
CD40-L per cell Lastly, the ninth sort cells were called EL-40.9 and were grown and 
found to express approximately 15,000 molecules of C3)40-L p^ cell. 
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This example describes pr^aiaiion of a cDNA libiary for expression cloning of 
murineCD40-L. Hie lihiaiy was prepared fiom a fifth sotted clone of a mouse 
5 thymomacellliheEL4(ATCCTIB39),<aIledEL^.5. EL40^ cells were EU cells 
soitedfive times Willi hiotinylatedCIMO/Fc fusion pro (fluiorcscence 
activated cell sorter). A cDNA Ubtaiy was made fisomRNA obtained from EL-40.5 
cells essentiany as described inUS Patent 4968.607. the disclosure of which is 
incorporatedbyrefetencehetdn. Briefly, a cDNAlibraiy was constracted by reverse 

10 transcription ofpoly(A)+mRNAisolaiedfiDmthetotalRNAextractedfro^ 
40.5 cdl Hne. The library construction technique was substantially similar to that 
described by Ausubel et al., eds., Current Protocols In Molecular Biology, VoL 1, 
a987). Poly (A)+ mRNA was isolated by oUgo dl cellulose chromatography and 
double-stranded cDNA was made substantially as described by Gubler et aL, Gene 

15 25263. 1983. Poly(A)+ mRNA fragments were converted to RNA-cDNA hybrids by 
reverse ttansadptase using random hocanucleotides as primers. The RNA-cDNA 
hybrids were then converted into double-stranded cDNA fragments using RNAase H in 
combination wifliDNA polymerase! The resulting double^strandedcDNA was blunt- 
oided xntb. T4DNA polymerase. 

20 Salladstptcscs 

5 • - TCG ACT G6A ACG ASA CGA CCT GCT -3 ' 

GA CCT TGC TOT GCT GGA CGA - 5 ' 
were ligated to 5" ends of resulting blunt-ended cDNA, as described in Haymerle et aL, 
Nucleic Acids Res, 14:8615, 1986. Non-Hgated adaptors were removed by gel 

25 filtration chromatogr^hy at 68'C This left 24 nucleotide non-self-conQ)lementary 
overiiangsoncDNA. The same procedure was used to convert 5' 5fl/ 1 ends of the 
maitimaiian expressiou vcctor pDC406 to 24 nucleotide overiianp complementary to 
4ose added to cDNA. Qptimalpropottionsof adaptored vector and cDNA were ligated 
inthepresenceofT4pQlynucleotidekinase. Dialyzed ligation mixtures were 

30 eIecir«q)orated into E. coli strain DH5a and transformants selected on ampicillin plates. 
Hasmid DNA was isolated finm pools consisting of approximatdly 2,000 
clones of tiansformedE. coli per pool The isolated DNA was transfected into a sub- 
confiuent layer of CVl-EBNA cells using DEAE-dextran foVowed by chloroquine 
treatment substantil^y according to the procedures described in Lntimaan et aL, Nucl. 

35 Acids Res. 11:1295, 1983 and McCutchan et aL, J.NatL Cancer Inst. 41:351. 1986. 

CVl-EBNA cells were maintained in complete medmm (Dulbecco's modified 
Eagfcs' media containing 10% (v/v fetal calf serum, 50 UAnl penicillin, 50 U/ml 
streptooordn. and 2 mM L-^tamine) and w» plated to a daisi^ of approximatdy 2 
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X 105 ceUs/well in single-well chambered slides (Lab-Tek). The slides were prc-treated 
with 1 ml human fibronectin (10 ^g/ml PBS) for 30 minutes followed by a single 
washing with PBS. Media was removed from adherent cells growing in a layer and 
replaced with 1.5 ml complete medium containing 66.6^lM chlonxjuine sulfate. About 
5 0.2 ml of a DNA solution (2 ^lg DNA, 0.5 mg/wl DEAE-dextran in complete medium 
containing chloroquine) was added to the cells and the mixture was incubated at 37^C 
for about five hours. Following incubation, media was removed and the cells were 
shocked by addition of complete medium containing 10% DMSO (dimethylsulfoxide) 
for 2.5 - 20 minutes. Shocking was followed by replacement of the solution with fresh 
10 ccanplete medium. The cells were grown in culture for two to three days to permit 
transient expression of the inserted DNA sequences. These conditions led to a 30% to 
80% transfection frequency in surviving CVl-EBNA cells. 

EXAMPLE 4 

15 This example describes screening of the expression cloning library made in 

Example 3 with a labeled CD40/Fc fusion protein made in Example 1. After 48 - 72 
hours, transfected monolayers of CVl-EBNA cells made in Example 3 were assayed 
by slide autoradiography for expression of aD40-L using radioiodinated CD40/Fc 
fusion protein as prepared in Example 1. Transfected CVl-EBNA cells were washed 

20 once with binding medium (RPMI 1640 containing 25 mg/ml bovine serum albumin 
(BSA), 2 mg/ml sodium azide, 20 mM Hepes pH 7.2, and 50 mg/ml nonfat dry milk) 
and incubated for 2 hours at 4T ml in binding medium containing 1 x 10"' M l^Sj. 
CD40/FC fusion protein. After incubation, cells in the chambered slides were washed 
three tunes with binding buffer, followed by two washes with PBS, (pH 7.3) to 

25 remove unbound radiolabeled fusion protein. 

The cells were fixed by incubating in 10% gluteraldehyde in PBS (30 minutes at 
room temperature), washed twice in PBS and air-dried. The slides were dipped in 
Kodak GTNB-2 photographic emulsion (6x dilution in water) and exposed in the dark 
for two to four days days at room temperature in a light-proof box. The slides were 

30 developed in Kodak D19 developer, rinsed in water and fixed in Agfa G433C fixer. 
The slides were individually examined under a microscope at 25-40x magnification. 
Positive slides showing cells expressing CD40-L were identified by the presence of 
autoradiographic silver grains against a light background. 

One pool containing approximately 2000 individual clones was identified as 

35 potratially positive for binding the CD40/Fc fusion protein. The pool was titered and 
plated to provide plates containing approximately 200 colonies each. Each plate was 
scraped to provide pooled plasmid DNA for transfection into CVl-EBNA cells 
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accordingtathesan^im^cedurede^ H^esmaUerpools were screened by 
dideautaradiographyasdesmbedprevicmsly. One ofthesmallerpools contain^ 
clonesthat^IK)sith«>feCD40.Lasindicated^ 
pioductcapabIeofbindingtothea>IO/Fcfaaonpiotdn. 
5 uepositivesniallerpoolwastiteiedandplatedtoobtainindividual^c^^^^^ 

Appioximatdy4(X)individual«>loniesw^ 

mindividnalwellsof96.wettpIates. Cultures weiennxed by pooling rows and 
cdmnnsanddiennxedcnilturesweteusedtopiepareDNA^ 
tta^ccdonandscreening. Anintersectionofapositrverowandandaposinvecol^ 

10 indicatedapotentialpositivecolony.tenpotentialpositivecol^^^ 

clones) wereidentified. DNA was isobtedftomeac* candidate done let^^ 
andiescreened. Five candidaie clones were positive by binding to CD40/Fc. Mfive 
posMvecandidatedones contained ad)NA insert of 1468 nucleotides, as determined 
bydideoxynndeotidesequendng. IHe d5NA coding region of the CD40-L done 

15 coriespondstothesequaiceofHgurelandSEQIDNOrl. 

A cloning vector containingmurine CD40-L sequence, designated pDC406- 
inCD40.L,wasdepositedwiththeAin«icanType(MtuieCoHe^^^^ 
(ATCC)onDecember6,1991.underaccessionnumber68872. Hie nucleotide 
seqqenceandpredictedanmioaddsequenceaftbisdoneaieiltas^^ 

20 Norland in Figure 1. 

jTYAMPLR 5 

TWsexampleinustratesacross-spedeshybridizaiiotttedmiquewMchwasused 
tDisolateahuiiianCSMO-Lhornologiismgaprobedesignedfomtfaes^^^^ 

25 mnrineCD40-L. A murine CD40^L probe was produced by exdsing the coding region 
ftommurineCD40-LdonepDC4Q6-CD40-L (nucleotide 13 through 793) and^^P- 
labeling thefegmentusingrandom primers (Boehrin^-Mannhdm). 

Ahmnanper^heralbioodlymphocyleOPBL) cDNAfihrarywasconstructedm 
a X phage vector using XgtlO arms and padcaged w wiro using a commerdally 

30 avaikbIe]dt(Gigapak®Stiatagene.SanPiego,CA)accatdingtotiieman^ 

instmctions. The PBLcdls were obtained ftomnoraMl human volunteers and treated 
witii 10 ngAnl of 0KT3 (an anti-(3)3 antibody), and 10 ng^ml of human IL-2 
(Immune)cSeatde.WA)forsbcdays. The EBLcdls were washed and stimulated with 
500 ng^ionomydn (CMbiochem) and lOngftnlPMA (Sigma) for four hours. 

35 MessengerRNAandcDNAwereobtainedftomlhestimulatedPBLcellsandpackaged 
into XgtlOphage vectors (Gigapak® Stratagene) according to manufacturer's 
instructions. 
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The murine probe was hybridized to phage cDNA in 6 X SSC (15 mM 
trisodium citrate, and 165 mM sodium chloride), 1 X Denhardt's solution, 2 mM 
EDTA, 0.5% Np40 at 63"C overnight. Hybridimtion was followed by extensive 
washing in 3 X SSC, 0. 1% SDS at approximately 55*C for three hours. Specific 
5 bands were visualized by autoradiography. 

A cloning vector containing human CD40-L sequence, designated hCD40-L, 
was dqwsited with the American Type Culture Collection, Rockville, MD (ATCC) on 
December 6, 1991, under accession number 68873. The nucleotide sequence and 
predicted amino add sequence of diis clone are illustrated SEQ ID N0:1 1 and in Figure 
10 2. 

EXAMPLE 

This example illustrates the expression of membrane-bound murine CD40-L in 
CVl-EBNA cells. Murine CD40-L cDNA in HAVEO vector or empty HAVEO vector 

15 were transfected into CVl EBNA cells using standard techniques, such as those 

described in McMahan et al. et al. EMBO J. 10:2821, 1991 and in Example 3 herein. 
Briefly, CVl EBNA cells were plated at a density of 2 x 10^ cells per 10 cm dish in 10 
ml of Dulbecco's Minimal Essential Medium supplemented with 10% fetal calf serum 
(Medium). The cells were allowed to adhere overnight at 37'C. The Medium was 

20 replaced with 1 .5 ml of Medium containing 66.7 ^M chloroquine and a DNA mixture 
containing 5 |ig of cDNA encoding mCD40-L. Medium containing 175 pi, and 25 |il 
of DEAE dextran (4 mg/ml in PBS) was also added to the cells. The cells and cDNA 
w«e incubated at 37*C for 5 hours. The cDNA mbcture was removed and the cells 
were shocked with 1 ml of ftesh Medium containing 10% DMSO for 2.5 min. The 

25 Medium was replaced with firesh Medium and the cells were grown for at least 3 days. 

EXAMPLE 7 

This example illustrates the preparation of monoclonal antibodies to CD40-L. 
Preparations of purified murine CD40-L w human CD40-L are prepared by COS cell 

30 expression and CD40/FC affinity purification as described herein. Purified CD40-L can 
genoate monoclonal antibodies against CD40-L using conventional techniques, for 
example, those techniques described in U.S. Patent 4,41 1,993. Briefly, mice are 
immunized with CD40-L as an immunogen emulsified in complete Freund's adjuvant, 
and injected in amounts ranging fram 10-100 subcutaneously or intnQ)eritoneally. 

35 Ten to twelve days later, the immunized animals are boosted with additional CD40-L 
emulsified in incomplete Reund's adjuvant. Mice are periodically boosted thereafter on 
a weekly to bi-weekly immunization schedule. Serum sanq)les are periodically taken 
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by reWHwbital Weeding or jaittip excision for testing by dot blot assay or BUS A 
^nzyme-Iinked Lmmmosotbent Assay), for CD40-L antibodies. 

FoHowing detection of an appropiiate antibody titer, positive animals are 
pnmdedonelastintravenoiisiajectionofCD4()-Linsaline^ Three to four days later. 
5 the animals are sacrificed, spleen cdls harvested, and spleen cells are fiised to a murme 
myelomacellline (e.g., NSl or Ag 8.653). Fusions generate hybridoma cells, which 
areplaiedinmultiptemiciotiteridaiesmaHATaiypoxantfaine,an^ 
thymidine) selective medium to inMlMt proliferation of non-fiised cells, n^rdoma 

iQrbrids. and spleen cell hybrids. 
10 ThehybridomaceUsatescteenedbyELISAforreactivityagainstpurified 

OMO-Lby adaptations of the techniques disclosed in Engvall et al., Irmunochem. 
8;871. 1971 andinU.S. Patent 4,703.004. Positive hybridoma cells can be injected 
inti^eritoneally into syngeneic BALB/c mice to produce ascites containing high 
concentrationsof anti-CD40-L monoclonal antibofies. Allemaiively. hybridoma cells 
15 canbegiownmvio-oinflasksorroUerbotltesbyvarioustechniques. Monoclonal 
antibodiesptoduced in mouse ascites can be purified by ammonimn sulfate 
precipitation^ followed by gel exchiaon chromatography. Alternatively, affinity 
chromatogrq)hy based upon bindingof antibody to ptotrinAorprotdnGcan also be 

use4 as can affinity chromatography based upon binding to CD40-U 

20 

Tins example iltastrates anti-aUetgy lhetq»utic ^Bects of sOMO and CD40/Fc 
fiisfon protein. SotableCD40 andCD40/Fcweretestedfor thdrabaity to inhibit E.^ 
(5 ng/inl) induced IgEseaetion in a tsra donor MLC system The data fiomtiiree 
25 oqteiiments are presented in Table 1. 

Tahle 1 

^(ng/ml) 

Addition Escp. 1 Exp. 2 

E3cp.3 

30 medium <0.1 <^*1 

<0.1 

IL^ 2t 47 54 

IL-4+sCD40(0.1ngAnl) 19 nd 38 

IL-4+sCD40(0.3MgM) 14 29 24 

35 IL-4 + sCD40(lugAnl) 10 24 8 

IL-4+sCD40(3^g/inl) 7 19 2 

IL^+IL-7R/Fc(10|ig/ml) 21 nd 58 
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IgE levels were measured after 12 days in culture by an ELIS A procedure. 
Briefly, flat-bottomed 96-weD microtiter plates (Coming) were coated with mouse mAb 
anti-human IgE (Zymed) at 1 :S00 dilution in PBS (phosphate buffered saline). After 
washing 3X, a blocking step was performed using 5% non-fat dried milk, followed by 
5 titration of human IgE standards or test supematants. After washing 3X, biotinylated 
goat anti-human IgE (Kirkegaaid and Peny) was added at a 1:500 dilution. This was 
followed by further washing and then addition of streptavidin-HRP (Zymed) at a 1:500 
dilution. After further washing, the reaction was developed using TMB substrate 
(Kirkegaard and Perry) and absorbance measured at 520 nm. All washing steps were 
10 carried out in PBS plus 0.05% Tween, All incubation steps were performed at 

volumes of 100 nJ/well for one hour at room tempCTature. The sensitivity of this assay 
islOOpg/ml. 



EXAMPLE 9 

15 This example illustrates the effects of sCD40 and CD40/Fc fusion protein to 

inhibit soluble Cp23 shedding from 11^4 (5 ng/ml) stimulated B cells. Soluble CD40 
and CD40/FC were tested for their ability to inhibit IL-4-induced sCD23 shedding in a 
two donor MLC system The data from three experiments are presented in Table 2. 

TaMe ? 

20 sCD23 (ng/inl) 



25 



30 



35 



A(Uition 


Exp. 1 




Exp. 2 




Exp. 3 






day 6 


day 12 


day 6 


day 12 


day 6 


day 


12 














E" + medium 


55 


<0.5 


24 


10 


10 


5 


+ IL-4 


115 


55 


96 


62 


44 


27 


+ lL-4 + sCD40 (1 ng/ml) 


nd 


nd 


88 


36 


3B 


9 


+ IL-4 + sCD40(3ng/ml) 


97 


4 


82 


31 


40 


4 


+ JL-4 + SCD40 (10 ng/ml) 


nd 


nd 


72 


28 


nd 


nd 


+ IL-4 + IL-7R/FC (3 ng/nal) 


111 


48 


103 


67 


40 


22 


PBM + medium 


12 


<0.5 


15 


5 


3 


10 


+ IL-4 


39 


255 


47 


22 


48 


26 


+ IL-4 + sCD40 (1 jig/ml) 


nd 


nd 


44 


18 


46 


18 


+ IL-4 + sCD40 (3 ng/ml) 


24 


6 


37 


11 


45 


12 


+ IL-4 + SCD40 (10 ng/ml) 


nd 


nd 


28 


5 


nd 


nd 


+ IL-4 + IL-7R/FC (3 ng/ml) 


35 


26 


43 


20 


50 


23 



PCr/US92/0899a 

wo 93/08207 

Soluble Ca3231evels were measuredafter6 and 12 days in culture by a 
ccjmmerdal sCD23 EUSA detection kit (Binding Site, San Diego, CA). The sensitivity 
limit was SOQpg^mL Approximaiely 1 x lO^ cells per weU were cultured in ttipUcate in 
round-bottomed 96-weII mictotitBr plates Ontemiountain Scientific, Bountiful UT) for 
5 tfaeindicatedtimeiiithepiesenceorabsenceofadditivesasindicatedinTable2. The 

results show anti.-allergy c^Bsctsof sCD40. Similar studies were ran with a)40/Fc 
(data not diown) instead of sCD40, and similar results were obtained. Accordingly, 
these data in Exan^ 8 and 9 illustrate an anti-allergy property for 0540. 

lids example illustiates B cell proliferative activity of membrane-bound murine 
CD40-L for human B ceUs. Human peripheral blood mononuclear cells (PBMQ were 
isolated ftom peripheral bloodfiom normal volunteers by density gradient 
centrifugation over EBstqpaque® (Sigma, St. Louis. MO) T cell-dq)letedpreparations 

15 of cells (E-) were obtained by removing Tcdls by resetting witii 2- 

aminoeihylisotinouroninm bnKmde-tteated SRBC (shegp red blood cells) and fiirflier 
densiQr gradient cennifiigation over BSstopaque®. B cellprolifBration assays woe 
conducted williE- preparations ill RPMIme^witiiadded 10% heat-inactivated fetal 
bovine serum (EBS) at 37*C in a 10% CO2 atmosphere. Approranatdy 1 X 105 E- 

20 cdls per weU were cultured in triplicate in flat-bottomed 96-weUmiGrotiter plates 
(Coming) for 7 daysin the presence of ttansfiscted CVl EBNA cells (described in 
Example 6). The CIVl EBNA cdUs were ttansfisctedwitii murine CD40-LcDNA or 
empty vector. The cells were pulsed witiilfiO^ell of tritiatedtiiymidine (25 
O/nmole Ametsham, Arlington Hwghts, IL) for tiie final d^t hours of culture. Cells 

25 weteharvested onto glass fiber discs witii an auttimated cell harvester and incoxporated 
qpm were measured by liquid sdntiHation spectrometry. 

Hgure 4a shows a comparison of human B cell proliferation of CVl EBNA 
cells ttansfected witii enapiy vector ^VEO) or witii murine CD40-L cDNA in 
HAVEO vector. These data show that membrane-bound CD40-L stimulates human B 

30 cell prolifoation in tiie absence <rf a co-mitc>gett. Hgure 4b ^ows a similar 

e}q)eiim»i^ accept that 10 ngAnl of human lL-4 was added to tiie cultures. In tins 
«qperiir»nt, ILr4 slightiy enhances die B cdl mitogenic activity of membrane-bound 
murine CD40-L. Figure 5 is a repeat of tiie expoiment shown in Figure 4b. However, 
wh«i the ^qperimrait was repeated, thoe was no evit^ce of co-mitogaiic 

35 activity. There was repeated evidence of CD40-L mitogenic activity. Accordingly, 
noanbrane-bound CD40-L stimulates prolifiaaticHi of human B cells. 
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This example illustrates the effect of membrane-bound murine CD40-L to 
stimulate IgE production and CD23 shedding from E" cells isolated in &cample 10. 
Approximately 1 X lO^ cells/well were cultured in triplicate round bottomed 96-well 
5 Nunc microtiter plates (Intermountain Scientific, Bountiful UT) in Iscove's Modified 
Dulbecco's Medium (IMDM) plus 10% FCS in a hunridified atmosphere of 10% CO2. 
Medium was supplemented wiA 50 ng/ml human transferrin (Sigma), 0.5% bovine 
serum albumin (Sigma) and 1 fig^ml of each of oleic, linoleic and palmitic acids 
(Sigma). The E- cells were cultured for 10 days in the presence of 5 ng^ human DL- 
10 4. A titration of CVl EBNA cells transfeaed with murine CD40-L or empty vector 
were added. After ten days, culture supematants were assayed for IgE by the ELJSA 
procedure described in Example 8 or for CD23 shedding by the procedure described in 
Example 9. 

Figure 6 shows a comparison of IgE production in the supematants (in ng/ml) 
15 for cultures of E" cells and CVl EBNA cells transfected with empty vector (HAVEQ) 
or with CD40-L. No differences were noted with up to 3000 CVl EBNA cells, 
howevo: significant IgE production resulted with the addition of 10000 or 3(X)00 
CD40-L transfected CVl EBNA cells. As a comparison, when E" cells were incubated 
with medium alone, 5 ng^ IL-4 or 5 ng/ml IL-4 plus 500 ng/ml G28-5 antibody, IgE 
20 production was 4.7, 2.9 and >600 ng/ml, respectively. When CD23 shedding was 
measured in Figure 7, 10000 and 30000 CVl EBNA cells transfected with CD40-L 
showed increased CD23 shedding when compared to empty vector control CVl EBNA 
ceUs. As a conq)aiison, when E" cells were incubated with medium alone, 5 ng/ml IL- 
4 or 5 ng/ml IL-4 plus 500 ngAnl G28-5 antibody, CD23 shedding was <0.1, 2.4 and 
25 1 1.2 ngAnl, respectively. These data show that IgE production and CD23 shedding are 
both biological activities associated with membrane-bound CD40-L. 
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This example illustrates B cell proliferative activity, polyclonal immunoglobulin 
30 (Ig) production, antigen-specific antibody formation and various metiiod for using 
membrane-bound and soluble OMO-L in clinical applications. We obtained murine 
splenic B cells according to procedures described in Grabstein et aL I supra, 
Maliszewski et al. I supra and Maliszewski et aL n supra. Bridly, tiie mixed culture of 
cdls was purified by T cell depletion using T cell antiserum and complement, and 
35 adhscent cell dq)letion by passage of Sephadex®G10 columns and by B cell positive 
selection by panning on petri dishes coated witii goat anti-mouse IgM. Purified B cells 
were cultured in RHvH, fetal calf serum (5% for B cell proliferation assays and 20% for 
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plaque fomring ceU assays <?rp6ly61onal antibody assays), 2-mercaptoethanol, 
antibiotics, amino adds andpyjuvate. B ceU proliferation was measured according to 
the assay describediiiExample lOandinGrabsteinetaL 1 5^prfl, MaKszewsldetal. I 
5ipniandMaliszewskietaLn«(pra. Antigen.q)edfic antibody formation was 

5 measiiiedbythepiQceduiedesctibedittGrabsteinetaL,/.Mf>/. Cell. Immunol. 2:199, 
1986 [GrabstdnetaLIQ. Briefly, antigen specific antibody fomiation^sed sheep red 
blood cdls (SRBQ as antigen (0.03% v/v) in 2.0 ml cultures of 1 X 10& murine B 
cells per culture. The BceU cultures were incubated far 5 days and plaque forming 
cells wraedeterminedby Jeme hemolytic plaque assay as described in Giabstein et al. 

10 HJHpra. CeIlcountsweredeterminedinacoultercounter.Polyclonairgse(^tionwas 

determined by isotype-spedfic EUSA assays in seven day cultures of 1 X lO^ B ceUs 
perZ0inlcultnreasdescribedinMaliszewskietaLl5i(praandMali« 

supra^ 

TheresultsofBcdlproI^tion by CVIEBNA cells transfected with CD40-L 
15 oreniptyvectaror7Alcdls(aTceIlhelperctone)areshowninFigures8. 10andl2. 
TliesedatashowthattiiegreateStBceUiHoliferationwascausedbyCD40-L. Tcell 
helpercelIs7Al and 7C2 had a minimal effect on B cell proliferation. 

The of various cells upon antigen spedfic antibody formation are shown 
inRgures9andll. Rgure9 shows acomparison of plaque foraring cells comparing 
20 TceUhelperdone7AlandmnrineEL40.9cdls\i4iichsecreteasolubIeCD40-L. The 
EL40.9 cdls seem to have an inhibitory effect upon antigen specific antibody 
formation. Hgure II showsEFCa»laquefQmiing cdls) for TceU helper cells 7C2 and 
CYIEBNA cdls transfectedwitiidtfaer empty vector or CD40-L. Botii 7C2 cells and 
membrane-bound CaMO-L stimulated antigen specific antibody formation (PFC). 
25 Rgure 13 compares antigen spedfic antibody foraiation of CD40-L and 7A1 cdls in die 
presenceorabsenceafiang/inlinterieukin-2(IL-2). IL-2 increased PFC for 7A1 cells 
but did not increase PFC caused by membrane-bound CD40-L. 

Polyclonal feprodnction by murine B cdls was compared for stimulation or 
inhibition witii membrane-bound CD40-L. control CVl EBNA cells and hdper T cdls 
30 7A1 intiiepresenceof cytokinesIL-4(10ng/knl)andIL-5 (1:40 dilution of COS cell 
supemaiants) or witfiout added cytokines.The amount of IgA, IgGS. IgE. IgG2b, IgM 
and IgGl aie shown in Tables 3-8, respectively. 
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TABLE 3 

IgA,ng/ml 
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10 



15 



CD40-L 



HAYEO 



7A1 (2C11) 



#CELLS 

2 X 10(5) 
1 X 10(5) 
1 X 10(4) 

2X10(5) 
1 X 10(5) 
1 X 10(4) 

1 X 10(6) 

2 X 10(5) 
1 X 10(5) 



20 MEDIA 
LPS 



MEDIA 

666.275 ± 174.444 
288.085 ± 20.773 
53.750 ± 36.531 

0 
0 
0 

0 
0 
0 

0 

88.531 ± 31.248 



+IL-4+IL-5 

64.639 ± 51.780 
291.831 ± 10.673 
910.072 ± 62.713 

628.190 ± 42.907 
477.755 ± 57.478 
295.640 ±12.736 

2177.549 ±377.052 
646.898 ± 86.325 
480.671 ±40.011 

458.152+ 77.258 
132.336 ± 51.356 



25 



30 



35 



40 



CD40-L 



HAVBD 



7A1 (2C11) 



# CELLS 

2 X 10(5) 
1 X 10(5) 

1 X 10(4) 

2 X 10(5) 
1 X 10(5) 

1 X 10(4) 

1X10(6) 

2 X 10(5) 
1 X 10(5) 



TABLE 4 

IgG3, ng/ml 



MEDIA 

108.427 ± 14.359 
118.079 ±8.021 
127 J91 ± 6.268 

0 

11.205 ±4.434 
26.389 ± 10.221 



33.420 ± 
0 
0 



9.972 



45 MEDIA 
LPS 



21.808 ± 7.107 
816.697 ± 43.553 



+IL-4+E.-5 
0 

46.535 ± 9.899 
467.023 ± 78.276 

29.773 ± 5.224 
66.323 ± 8.673 
34.671 ± 12.975 

820.856 ± 39.442 
436.074 ±59.332 
239.760 ± 45.978 

64.773 ± 13.924 
103.720 ± 11.883 
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TABLE 5 
IgE,ng/mI 
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10 



15 



CD40-L 



HAVEO 



7A1 (2C11) 



# CELLS 

2X10(5) 
1X10(5) 
1X10(4) 

2X10(5) 
1X10(5) 
1X10(4) 

1X10(6) 
2X10(5) 
1X10(5) 



20 MEDIA 
LPS 



MEDIA 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 



+1L-4+IL-5 

64.144 ±4.979 
83.493 ±9.093 
461.155 ±60.514 

0 

4.208 ± .527 
0 

208.091 ± 8.090 
32.530 ±0.723 
15.889 ±2.947 

12.602 ±1.460 
408.355 ±9.764 



25 



30 



35 



40 



C3540-L 



HAVEO 



7A1 (2C11) 



#CELLS 

2X10(5) 
1 X 10(5) 
1 X 10(4) 

2X10(5) 
1X10(5) 
1X10(4) 

1X10(6) 
2X10(5) 
1X10(5) 



45 MEDIA 
LPS 



TABLE 6 
IgG2b,ng/ml 

MEDIA 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 



+IL-4+ILr5 



6.230 ± .285 
47.414 ± .241 

7.001 ±2.35S 
6.230 ±2.285 
9.620 ±2.650 

189.343 ± 2.837 
22.431 ± 6.835 
7.207 ± 1.580 

7.422 ± 1.602 
33.291 ± 3.183 



50 
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TABLE 7 

IgM, fig/ml 



5 







# CELLS 


MEDIA 


+IL-4+IL-5 


10 




Z A iVyp) 
1 X 10(5) 
1 X 10(4) 


2.237 ± 0.583 
2.293 ± 0.595 


0 4^9 ±0 184 
5.878 ±0.858 
96.730 ±13.009 


15 


HAVEL) 
7A1 (2C11) 


2 X 1U(5J 
1 X 10(5) 

1 X 10(4) 

1X10(6) 

2 X 10(5) 
1 X 10(5) 


n 
0 

0.624 ± 0.178 

0.769 ± 0.124 
0.142 ± 0.052 
0.126 ± 0.048 


lV/.07\/ ± ^.l^U 

13.303 ±0.993 
22.538 ± 2.304 

104.857 ± 17.463 
27.016 ± 1.706 
13.070 ± 0.600 


20 


MEDIA 
LPS 




± U.UD/ 
53.302 ± 9.668 


41.974 ±6.158 


25 






1AdL»1!> o 

IgGl, ng/ml 




30 




#CRIJ-S 


MEDIA 


+I1^4+IL-5 


35 


C3D40-L 


2 X 10(5) 
1 X 10(5) 
1 X 10(4) 


0 

U 

0 


130.185 ± 24.547 
270.727 ± 17.511 


40 


HAVEO 


2 X 10(5) 
1 X 10(5) 
1 X 10(4) 


0 
0 
0 


187.668 ± 57.730 
43.320 ± 49.770 
1363.464 ± 45.841 


7A1 (2C11) 


1 X 10(6) 

2 X 10(5) 
1 X 10(5) 


0 
0 
0 


145.652 ± 136.070 
365.563 ± 24.276 
449.475 ± 101.012 


45 


MEDIA 
LPS 




0 
0 


133.660 ± 386.231 
246.213 ± 21.526 



These data indicate that the interaction of CD40 with its ligand is the principal 
50 molecular interaction responsible for T cell contact dependent induction of B cell 

growth and differentiation to both antigen-specific antibody production and polyclonal 
Ig secretion. As such, tiiese data suggest that antagonists of this interaction, by soluble 
CD40, C3)40/Fc fusion protein and possibly soluble CD40-L (monomeric)^ will 
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agnfficanflyinteifeiewtiidevdc^jmentofaii^ Therefore clinical 

sitaadons where CD40. CD40/Bj fiisiottpKrteins and soluble CD40-L include allergy, 
li5)us,ifaeinmtradaiihrife.insiilittdepei^^ andany other diseases 

where auttrimmme antibody or antigen/antibody compl^^ 
pathology of the disease. Moreover; membrane-bound CD40-L or oKgomeric soluble 
a>10-LwiEbeiisefultostimiilateBcdlpioIiferadonan^ As 
such. Aese fonns of CD40-L are most useful for vacdne adjuvants and as a stimulating 



IQ PYAMPI^R 13 

Tins exan?)le iflustrates the effect of membrane-bound OMO-L up^ 
proliferation ofand^secretionftomperipheralbloodmononuclearcellsCE-). E- 
cdls were obtained accordmg to theprocedure described in Example 10 andincubated 
for7or 10 days in the presence of CVlEBNAcdlstransfected with empty vector or 

15 mCD40-LcDNA. AdditionaUy^OMO/Fc fusion protein (described in Exan5)lel) or 
TNF Bcceptor/Fc fusion ptotem (described m WO 91/03553) was added to some of the 
preparations asindicatedhiKgure 14. IgE secretion was measured according to tiie 
piocednredescribedinExan5>le8andBcdlpr<diferation was measured accord 

the procedure described in Exaoiple 10. 
20 The results fbrBcettprolifiBtatiott and Igp secretion are diown in Figure 14 f^ 

fivedi&rentconcentrationsoftiansfectBdCVlEBNAcells. BofliBceU proliferation 
and IgE secretion were increased m the presenceof membrane-bound CD40-I* 
Addition of CD4(VRfiisionproteinablatedbotiiB ceUproKfe^^ secretion. 
Ihe TNF Recq)tor/Fc fusion protdn had no effect. As acoiripaiison for IgE secretion, 
25 additionofIL4asacontrolagpnt(witiioutttansfieciBdCVlEBNAceIIs)pr^ 
IgE in tins assay and addition of IL-4 plus G28-5 anti-CD40 inAb lesulted m 29.7 
ng^ml IgE in tius assay. 

RYAMPT.TC 14 

30 This€xan5)le<fcsciibesconstruGtionofaCD40-L/Fc]>NA^^ 

a sotoble CD40-L/Fc fiision protan TesEsaed to as CD40-L/FC2 construct DNA 
encoding CD40-iyFC2 comprises sequences encoding aleader (or signal) peptide, an 
eight amino add hydrophilic sequence described by Hopp et al. (Hopp et al., 
Bio/Technology 6:1204,1988; referred to asFlag®), a suitable Fb region of an 

35 hnmunoglobulm, a [GIy4Ser]3 repeat sequence (described mU.S. Patent 5,073,627, 
which is incorporated by reference herein) or oflier suitable linker sequence, and the 
extracdlularrepon of human CD40-Lfi!om amino add 50 to amino add 261 (SEQID 
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HI 

NO:ll). A pDC406 expression vector containing a leader sequence. Flag®, and 
human IgGi Fc is prepared using conventional techniques aS enzyme cutting and 
ligation of fragmaits encoding a leader sequence. Flag®, and human IgGi Fc, and 
restricted with Nsi 1 saadNot I. 
5 A PGR technique (Sarki et al.. Science 239:487, 1988) was employed using 5' 

(upstream) and 3' (downstream) oligonucleotide primers to amplify the DNA sequences 
encoding CD40 extracellular ligand binding domain from a clraiing vector containing 
human CD40-L (AT(X 68873; SEQ E) NO: 11) to form a PGR fragment. The 
upstream oligonucleotide primer (SEQ ID NO: 13) inttoduced a Nsi 1 site upstream 

10 from a linker sequence ([Gly4Ser]3SCTSer), which was followed by 21 nucleotides of 
the extracellular domain of CD40-L (amino acids 51 through 57 of SEQ ID NO: 11). A 
downstream oligonucleotide primer (SEQ ID NO: 14) introduced uNot 1 site just 
downstteam of the termination codon of the GD40-L. The PGR fragment was then 
ligated into the pDG406 expression vector containing a leader sequence. Flag®, and 

15 human IgGi Fc. The nucleotide and predicted amino acid sequence of GD40-I7FG2 
are presented in SEQ ID NO: 15 and SEQ ID NO: 16. The resultant DNA construct 
(CD40-LyFG2) was transfected into the monkey kidney cell line GV-l/EBNA (ATGG 
GRL 10478). The construct encoded a soluble CD40-L capable of binding GD40, as 
evidenced by binding observed in fluorescoice-activated cell sorting (FAGS) analysis 

20 using cells that express GD40. 

Large scale cultures of human embryonic kidney 293 cells (ATGG GRL 1573) 
transfected with the consmict encoding GD40-L/FC2 were grown to accumulate 
supematant containing GD40-L/FC2. The 293 cell line, a permanent line of primary 
human embryonal kidney transformed by human adenovirus 5 DNA, pamits 

25 expression of recombinant proteins ligated into the pGD406 vector. The GD40-IVFG2 
fusion protein in supematant fluid was purified by affinity purification. Briefly, culture 
supematant containing the GD40-L/FG2 fusion protein was purified by filtering 
mammalian cdl supOTiatants (e.g., in a 0.45n filter) and applymg filttate to an antibody 
afflnity column comprising biotinylated goat anti-human IgG (Jackson Immunoresearch 

30 Laboratories. Inc., Westgrove, PA, USA) coupled to Streptavidin-agarose (Pierce 
Chemical, Rockford, IL, USA) at 4'C, at a flow rate of approximately 60 to 80 ml/hr 
for a 1.5 cm X 12.0 cm column. The column was washed with approximately 20 
column volumes of PBS (phosphate buffered saline), until free protein could not be 
detected in wash buffer. Bound fusion protein was eluted from the colunm with 12.5 

35 mM citrate buffer, 75 mM.NaQ, pH 2.8, and brought to pH 7 with 500 mM Hepes 
buffer, pH 9. 1 . The purified, oligomeric GD40-L/FG2 peptide induced human B cell 
proliferation in the absence of any co-stimuli, and (in conjunction with the apprcqiriate 
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cytokine) resulted in the pioductiottbf IgG^IgE, IgA andIgM, as described in 
Example 12 for n]emfaran&-boiind CD40-L. 

RYAMPT.F 15 

5 ThisexanqdedescribesconstructionofaCD40-LDNAconstructtoexprcssa 
soluble CD40-L fosron protdnrefetred to as trimeiic CD40-L. Trimeric C3M0-L 
contains a leader sequence^ a 33 amino add sequence refened to as a 'leucine zipper" 
(SEQ ID NO:17), and an dght amino add hydipphilic sequence described by Hopp et 
al. (^etaUBio/Technohgy 6:12(M,1988; referred to as Hag®), followed by the 

10 extracdMar region of human CD40-Lfioinamino addSO to amino add 261 (SEQ ID 
N0:11). The utility of the leader and AeEbs® sequences have been described in the 
DetailedDesci^tion. The 33 amino acid sequence presented in SEQ ID N0:17 
trimerizes q)ontaneousIy in solution- Fusion protdns comprising this 33 amino add 
sequoioe are tiius expected to form trimers ormultimers spontaneously. 

15 The construct is pnpaied by synthesizing digonudeotides representing a leader 

sequOTce, the 33 amino add sequence described above, and the Hag® sequence, then 
ligadng the final product to aDNA ftagment encodmg amino adds 51 through 261 of 
SEQ ID NO: 1 1. prqiared as descdbed in Example 14. 

Theresulting ligation product m ej^ression vectorpDC406 was transfectedinto 

20 themonkeylddneyceniineCV-l/EBNA(ATCCCRL 10478). ThepDC406plasmid 
includes regulatory sequences derived ftomSV40, human immunodefidency vims 
(HIV), and Epstdn-Bair vhus ^V). The CV-I/EBNA ceH line was derived by 
ttansfection of die CV-1 cettlmewitfa a gene encodmg Epstein-Bair virus nuclear 
antigen-1 (EBNA-1) that constitutively expresses EBNA-1 driven fix»m the human 

25 QdYintetmediaie-earlyenhancei/lpromoter. TheEBNA-1 gene allows for episomal 
replication of ejcpresaon vectors, such as pDC406, that contain the EBV origm of 
replication. 

Onee cells expressing the fusion constnict are identified* large scale cultures of 
ttansfected cdls are grown to accumulaie supematant from edk repressing trimeric 
30 CD40^L. The fidmeric CD40-L fusion ptotdn m supematant fluid is purified by affinity 
purification substantially as described in U.S. Patent 5,011,912. Silvar-stained SDS 
gds of the duted CD40-L fusion protem can be prepared to detemine purity. 
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FANSLOW, WILLIAM 
SPRIGGS, MELANIE 

(ii) TITLE OF INVENTION: NOVEL CYTOKINE 

(ill) NUMBER OF SEQUENCES: 17 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: IMMUNEX CORPORATION 

(B) STREET: 51 UNIVERSITY STREET 

(C) CITY: SEATTLE 

(D) STATE: WASHINGTON 

(E) COUNTRY: USA 

(F) ZIP: 98101 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk. 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0^ Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: OSTER, JEFFREY B. 

(B) REGISTRATION NUMBER: 32585 

(C) REFERENCE/DOCKET NUMBER: 2802 

<ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 2065870430 

(B) TELEFAX: 2065870606 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 783 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: MOUSE 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: CD40-L 



60 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..783 
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(xi) SEQUENCE DESCRIETIOM-: SEQ ID H0:1: 
AT6 ATA GaA ACA 5AC AGC CaA OCT TCC CCC AG& TCC GIG GCA ACT GGA 

5 Met lie Glu Thr l^yr Ser Gin Pro Ser Pro Arg Ser Val Ala Thr Gly 
15 10 " 

CTT CCA GCG AGC AT6 AAG ATT TTT ATG TAT TTA CTT ACT GIT TTC CTT 

10 Leu Pro Ala Ser Met Lys lie Phe Met Tyr Leu Leu Thr Val Phe Leu 
20 25 30 



45 



60 





ATC 


ACC 


CAA 


ATG 


ATT 


GGA 


TCT 


GTG 


CTT 


TTT 


15 


•t A il 

144 
lie 


Thr 


Gin 
35 


Met 


He 


Gly 


Ser 


Val 
40 


Leu 


Phe 




AGA 


TTG 


GAT 


AAG 


GTC 


GAA 


GAG 


GAA 


GTA 


AAC 


20 


192 
Arg 


Leu 
50 


Asp 


Lys 


Val 


Glu 


Glu 
55 


Glu 


Val 


Asn 




TTC 


ATA 


AAA 


AAG 


CTA 


AAG 


A6A 


TGC 


AAC 


AAA 


25 


240 
Phe 
65 


He 


Lys 


Lys 


Leu 


Lys 
70 


Arg 


Cys 


Asn 


Lys 




TTG 


CTG 


AAC 


TGT 


GAG 


GAG 


ATG 


AGA 


AGG 


CAA 


30 


288 
Leu 


Leu 


Asn 


Cys 


Glu 
85 


Glu 


Met 


Arg 


Arg 


Gin 
90 




GAT 


ATA 


ACG 


TTA 


AAC 


AAA 


GAA 


GAG 


AAA 


AAA 



75 ao 



95 



336 

35 Asp He Thr Leu Asn Lys Glu Glu Lys Lys Glu Asn Ser Phe Glu Met 
lOa 105 110 

CAR AGA GGT GAT GAG GAT CCT CAA ATT GCA GCA CAC GTT GTA AGC GAA 
384 

40 Gin Arg Gly Asp Glu Asp Pro Gin He Ala Ala His Val Val Ser Glu 
115 120 125 

GCC AAC AGT AAT GCA GCA TCC GTT CTA CAG TGG GCC AAG AAA GGA TAT 
432 

45 Ala Asn Ser Asn Ala Ala Ser Val Leu Gin Trp Ala Lys Lys Gly Tyr 
130 135 140 

TAT ACC ATG AAA AGC AAC TTG GTA ATG CTT GAA AAT GGG AAA CAG CTG 
480 

50 Tyr Thr Met Lys Ser Asn Leu Val Met Leu Glu Asn Gly Lys Gin Leu 
145 ISO 155 160 

ACG GTT AAA AGA GSA GGA CTC TAT TAT GTC TAC ACT CAA GTC ACC TTC 
528 

55 Thr Val Lys Arg Glu Gly Leu Tyr Tyr Val Tyx Thr Gin Val Thr Phe 

165 170 175 

TGC TCT AAT CGG GAG OCT TCG AGT CAA CGC CCA TTC ATC GTC GGC CTC 
576 

60 Cys Ser Asn Arg Glu Pro Ser Ser Gin Arg Pro Phe He Val Gly Leu 
180 185 190 
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TGG CTG AAG CCC AGC AGT GGA TCT GAG AGA ATC TTA CTC AAG GCG GCA 
624 

rrp Leu Lys Pro Ser Ser Gly Ser Glu Arg lie Leu Leu Lys Ala Ala 
5 195 200 205 

AAT ACC CAC AGT TCC TCC CAG CTT TGC GAG CAG CAG TCT GTT CAC TTG 
672 

Asn Thr His Ser Ser Ser Gin Leu Cys Glu Gin Gin Ser Val His Leu 
10 210 215 220 

GGC GGA GTG TTT GAA TTA CAA GCT GGT GCT TCT GTG TTT GTC AAC GTG 
720 

Gly Gly Val Phe Glu Leu Gin Ala Gly Ala Ser Val Phe Val Asn Val 
15 225 230 235 240 

ACT GAA GCA AGC CAA GTG ATC CAC AGA GTT GGC TTC TCA TCT TTT GGC 
768 

Thr Glu Ala Ser Gin Val He His Arg Val Gly Phe Ser Ser Phe Gly 

20 245 250 255 

TTA CTC AAA CTC TG 
783 

Leu Leu Lys Leu 
25 260 

(2) INFORMATION FOR SEQ ID NO: 2: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 260 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

35 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met He Glu Thr Tyr Ser Gin Pro Ser Pro Arg Ser Val Ala Thr Gly 
40 1 5 10 15 

Leu Pro Ala Ser Met Lys He Phe Met Tyr Leu Leu Thr Val Phe Leu 
20 25 30 

45 He Thr Gin Met He Gly Ser Val Leu Phe Ala Val Tyr Leu His Arg 
35 40 45 



50 



Arg Leu Asp Lys Val Glu Glu Glu Val Asn Leu His Glu Asp Phe Val 
50 55 60 

Phe He Lys Lys Leu Lys Arg Cys Asn Lys Gly Glu Gly Ser Leu Ser 
65 70 75 80 



Leu Leu Asn Cys Glu Glu Met Arg Arg Gin Phe Glu Asp Leu Val Lys 
55 85 90 95 

Asp He Thr Leu Asn Lys Glu Glu Lys Lys Glu Asn Ser Phe Glu Met 
100 105 110 

60 Gin Arg Gly Asp Glu Asp Pro Gin He Ala Ala His Val Val Ser Glu 
115 120 125 
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Ala Asn Ser Asn Ala Ala Ser Val Leu Gin Trp Ala Lys Lys 61y Tyr 
130 135 i40 

5 Tyr Thr Jfet Lys Ser Asn Leu val Met Leu Glu Asn Gly Lys Gin Leu 
145 



10 



25 



50 



55 



Thr val Lys Arg Glu Gly Leu Tyr Tyr Val Tyr Thr Gin Val Thr Phe 
165 I'^O 

Q,s ser Asn Arg Glu Pro Ser Ser Gin Arg Pro Phe He Val Gly Leu 



180 



Trp Leu Lys Pro Ser Ser Gly Ser Glu Arg He Leu Leu Lys Ala Ala 
15 195 200 

Asn Thr His ser Ser Ser Gin Leu Cys Glu Gin Gin Ser Val His Leu 
210 215 220 

20 Gly Gly val Phe Glu Leu Gin Ala Gly Ala Ser Val Phe Val Asn Val 
225 230 235 



Thr Glu Ala ser Gin Val He His Arg Val Gly Phe Ser Ser Phe Gly 



245 25<» 



Leu Leu Lys Leu 
260 



30 {2> INFORMA.TION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 740 base pairs 

(B) TYPE: nucleic acid 
35 (C) STRANDEDNESS: single 

(D) TOPOLOGy: linear 

(ii) MOLECULE TYPE: cDNA 

40 (iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi^ ORIGINAL SOURCE: 
45 (A) ORGANISM: HUMAN 



(vii) IMMEDIATE SOURCE: 

(B) CLONE: IgGl Fc 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CGGTACCGCT AGCGTCGACA GGCCTAGGAT ATCGATACGT AGAGCCCAGA TCTTGTGACA 
60 

AAACTCACAC ATGCCCACCG TGCCCAGCAC CTGAACTCCT GGGGGGACCG TCAGTCTTCC 
120 

TCTTCCCCCC AAAACCCAAG GACACCCTCA TGATCTCCCG GACCCCTGAG GTCACATGCG 

60 180 



wo 93/08207 PCr/US92/08990 

TGGTGGTGGA CGTG^GCOVC GAAGACCCTG AGGTCAAGTT OUVCTGGTAC GTGGACGGCG 
240 

TGGAGGTGCA TAATGCCAAG ACAAAGCCGC GGGAGGAGCA GTACAACAGC ACGTACCGGG 
5 300 

TGGTCAGCGT CCTCACCGTC CTGCACCAGG ACTGGCTGAA TGGCAAGGAC TACAAGTGCA 
360 

10 AGGTCTCCAA CAAAGCCCTC CCAGCCCCCA TGCAGAAAAC CATCTCCAAA GCCAAAGGGC 
420 



15 



30 



40 



50 



AGCCCCGAGA ACCACAGGTG TACACCCTGC CCCCATCCCG GGATGAGCTG ACCAAGAACC 
480 

AGGTCAGCCT GACCTGCCTG GTCAAAGGCT TCTATCCCAG GCACATCGCC GTGGAGTGGG 
540 



AGAGCAATGG GCAGCCGGAG AACAACTACA AGACCACGCC TCCCGTGCTG GACTCCGACG 
20 600 

GCTCCTTCTT CCTCTACAGC AAGCTCACCG TGGACAAGAG CAGGTGGCAG CAGGGGAACG 
660 

25 TCTTCTCATG CTCCGTGATG CATGAGGCTC TGCACAACCA CTACACGCAG AAGAGCCTCT 
720 



CCCTGTCTCC GGGTAAATGA 
740 

(2) INFORMATION FOR SEQ ID NO: 4: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 519 base pairs 
35 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



45 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: HUMAN 



(vii) IMMEDIATE SOURCE: 

(B) CLONE: CD40 EXTRACELLULAR REGION 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



CAGAACCACC CACTGCATGC AGAGAAAAAC AGTACCTAAT AAACAGTCAG TGCTGTTCTT 
55 60 

TGTGCCAGCC AGGACAGAAA CTGGTGAGTG ACTGCACAGA GTTCACTGAA ACGGAATGCC 
120 

60 TTCCTTGCGG TGAAAGCGAA TTCCTAGACA CCTGGAACAG AGAGACACAC TGCCACCAGC 
180 



10 



P€:r/US92/08990 

wo 93/08207 

ACAAATACTG CGftCCCCaAC CT&GGGCTTC GGGTCCAGCA GA&GGGCACC TCAGA&aCAG 
240 

5 ACACCATCTG CACCTGTGaA GaAGGCTGGC ACTGTACGAG TGAGGCCTGT GAGAGCTGTG 
300 

TCCTGCACCG CTCATGCTCG CCCGGCTTTG GGGTCAAGCA GATTGCTACA GGGGMTCTG 
360 

ATACCATCTG CGAGCCCTGC CCAGTCGGCT TCTTCTCCAA TGTGTCATCT GCTTTCGAAA 
420 

AATGTCACCC TTGGACAAGC TGTGAGACCA AAGACCTGGT TGT6CAACAG GCAGGCACAA 
15 480 

ACAAGACTGA TGTTGTCTGT GGTCCCCAGG ATCGGCTGA 
519 

20 (2) information: for seq id no: 5: 
(i) sequence characteristics; 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDEDNESS : single 

a» TOPOLOGT: linear 

(ii) MOLECULE TYPE: cDNA 

30 (iii) HYPOTHETICAIr: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 
35 (A) ORGANISM: PCR PRIMER 

Cvii) IMMEDIATE SOURCE: 

(B) CLONE: CD40 5^ PRIMER 



40 



45 



55 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

CCGTCGACCA CCATGGTTCG TCTGCC 
26 

(2) INFORMATION FOR SEQ ID NO: 6: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 28 base pairs 
50 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



60 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: PCR PRIMER 
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(vii) IMMEDIATE SOURCE: 

(B) CLONE: CD40 3' PRIMER 

5 

(xl) SEQX7ENCE DESCRIPTION: SEQ ID NO: 6: 



10 



20 



25 



45 



50 



CCGTCGACGT CTAGAGCCGA TCCTGGGG 
28 

(2) INFORMATION FOR SEQ ID NO: 7: 



(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 40 base pairs 
15 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: PCR PRIMER 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: CD40 3' DOWNSTREAM PRIMER 



30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

ACAAGATCTG GGCTCTACGT ACTCAGCCGA TCCTGGGGAC 
40 

35 (2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
40 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(V) FRAGMENT TYPE: internal 



(vi) ORIGINAL SOURCE: 

(A) ORGANISM: PENTAPEPTIDE 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



Tyr Val Gly Pro Arg 
55 1 5 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
60 (A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 
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(C) SXRfiNDEDNESS: single 

(D) TOPOliOGYr linear 

(ii) MOLECULE TYPE: cDNA 

5 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISMt PGR PRIMER 

(vii) IMMEDIATE SOURCE: 

(B> CLONE: HUMAN IGGl/FC 5* PRIMER 



10 



15 (aci) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

TATTAATCAT TCAGTAGGGC CCAGATCTTG TGACAAAACT CAC 
43 

20 (2) INFORMATION FOR SEQ ID NO: 10 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEaJGTH: 38 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECtJLE TYPBr cDNA 

30 (iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 
35 (A) ORGANISM: PCR PRIMER 



40 



45 
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(vii) IMMEDIATE SOURCE: 

(B) CLONE: HUMAN IGGl/FC 3' DOWNSTREAM PRIMER 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:lQ: 

GCCAGCTTAA CTAGTTCATT TACCCGGAGA CAGGGAGA 
38 

(2) INFORMATION FOR SEQ ID NO: 11: 



(i) SEQUENCE CHARACTBRISTICS : 

(A) LENGTH: 840 base pairs 
50 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
CD) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



60 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 



(vli) IMMEDIATE SOURCE: 
(B) CLONE: CD40-L 



(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 4 6.. 8 31 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

TGCCACCTTC TCTGCCAGAA GATACCATTT CAACTTTAAC ACAGC ATG ATC GAA 
54 

Met He Glu 
1 

ACA TAG AAC CAA ACT TCT CCC CGA TCT GCG GCC ACT GGA CTG CCC ATC 
102 

Thr Tyr Asn Gin Thr Ser Pro Arg Ser Ala Ala Thr Gly Leu Pro lie 
5 10 15 . 

AGC ATG AAA ATT TTT ATG TAT TTA CTT ACT GTT TTT CTT ATC ACC CAG 
150 

Ser Met Lys He Phe Met Tyr Leu Leu Thr Val Phe Leu He Thr Gin 
20 25 30 35 

ATG ATT GGG TCA GCA CTT TTT GCT GTG TAT CTT CAT AGA AGG TTG GAC 

198 

Met He Gly Ser Ala Leu Phe Ala Val Tyr Leu His Arg Arg Leu Asp 

40 45 50 - 

AAG ATA GAA GAT GAA AGG AAT CTT CAT GAA GAT TTT GTA TTC ATG AAA 
246 

Lys He Glu Asp Glu Arg Asn Leu His Glu Asp Phe Val Phe Met Lys 
55 60 65 

ACG ATA CAG AGA TGC AAC ACA GGA GAA AGA TCC TTA TCC TTA CTG AAC 
294 

Thr He Gin Arg Cys Asn Thr Gly Glu Arg Ser Leu Ser Leu Leu Asn 
70 75 80 

TGT GAG GAG ATT AAA AGC CAG TTT GAA GGC TTT GTG AAG GAT ATA ATG 
342 

Cys Glu Glu He Lys Ser Gin Phe Glu Gly Phe Val Lys Asp He Met 
85 90 95 

TTA AAC AAA GAG GAG ACG AAG AAA GAA AAC AGC TTT GAA ATG CAA AAA 
390 

Leu Asn Lys Glu Glu Thr Lys Lys Glu Asn Ser Phe Glu Met Gin Lys 
100 105 110 115 

GGT GAT CAG AAT CCT CAA ATT GCG GCA CAT GTC ATA AGT GAG GCC AGC 
438 

Gly Asp Gin Asn Pro Gin He Ala Ala His Val He Ser Glu- Ala Ser 
120 125 130 

AGT AAA ACA ACA TCT GTG TTA CAG TGG GCT GAA AAA GGA TAC TAC ACC 
486 

Ser Lys Thr Thr Ser Val Leu Gin Trp Ala Glu Lys Gly Tyr Tyr Thr 
135 140 145 
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155 160 



10 



15 



20 



25 



30 



35 



40 



50 



55 



ATG 


A6C 


AAC 








Met 


Ser 


Asn 






150 


AAA 


AGA 


CAA 








Lys 


Arg 


Gin 




165 




AAT 


CGG 


6AA 


630 






Asn 


Arg 


Glu 


180 






AAG 


TCC 


CCC 


678 






Lys 


Ser 


Pro 


CAC 


AGT 


TCC 








His 


Ser 


Ser 


GTA 


TTr 


G2^ 


774 






Val 


Phe 


Glu 






230 


CCA 


AGC 


CAA 


822 






Pro 


Ser 


Gin 




245 





170 175 



185 



200 



190 195 



205 210 



Axa Juys rEo yyo vm-jt " — — ' 

215 220 225 



235 240 



250 255 



AAA CXC TGAACA6T6I CA. 
840 

Lys Leu 
260 



(2) INFORMATION FOR SEQ ID N0:12r 



(i) SEQUENCE CHARACTERISTICS: 
45 (A) LKISTH: 251 amino acids 

(B) TXPE: amino acid 
(DJ TOPOLOGXr linear 



(ii) MOLECULE TXPEs protein 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Met He Glu Thr Tyr Asn Gin Thr Ser Pro Arg Ser Ala Ala Thr Gly 
15 10 ^5 

Leu Pro He Ser Met Lys He Phe Met Tyr Leu Leu Thr Val Phe Leu 
20 25 30 

He Thr Gin Met He Gly Ser Ala Leu Phe Ala Val Tyr Leu His Arg 
60 35 40 *5 
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Arg Leu Asp Lys lie Glu Asp Glu Arg Asn Leu His Glu Asp Phe Val 
50 55 60 

Phe Met Lys Thr lie Gin Arg Cys Asn Thr Gly Glu Arg Ser Leu Ser 
5 65 70 75 80 

Leu Leu Asn Cys Glu Glu lie Lys Ser Gin Phe Glu Gly Phe Val Lys 
B5 90 95 

10 Asp He Met Leu Asn Lys Glu Glu Thr Lys Lys Glu Asn Ser Phe Glu 
100 105 110 



15 



30 



45 



55 



Met Gin Lys Gly Asp Gin Asn Pro Gin He Ala Ala His Val He Ser 
115 120 125 

Glu Ala Ser Ser Lys Thr Thr Ser Val Leu Gin Trp Ala Glu Lys Gly 
130 135 140 



Tyr Tyr Thr Met Ser Asn Asn Leu Val Thr Leu Glu Asn Gly Lys Gin 

20 145 150 155 160 

Leu Thr Val Lys Arg Gin Gly Leu Tyr Tyr He Tyr Ala Gin Val Thr 

165 170 175 

25 Phe Cys Ser Asn Arg Glu Ala Ser Ser Gin Ala Pro Phe He Ala Ser 

180 185 190 



Leu Cys Leu Lys Ser Pro Gly Arg Phe Glu Arg He Leu Leu Arg Ala 
195 200 205 

Ala Asn Thr His Ser Ser Ala Lys Pro Cys Gly Gin Gin Ser He His 
210 215 220 



Leu Gly Gly Val Phe Glu Leu Gin Pro Gly Ala Ser Val Phe Val Asn 
35 225 230 235 240 

Val Thr Asp Pro Ser Gin Val Ser His Gly Thr Gly Phe Thr Ser Phe 
245 250 255 

40 Gly Leu Leu Lys Leu 
260 



(2) INFORMATION FOR SEQ ID NO: 13: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 73 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
50 (D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA to xnRNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



60 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
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54 

TGGTGGCGG;^ GGGXCAGGCG GAGGTGGGTC CGGAGGCGGG GGTTCAAGTT CTGACAAG&T 
60 

AGAAGATGAA AGG 
5 73 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 
10 (A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

15 (ii) MOLECOLE TYPE: CDNA 

(iii) HYPOTHETICAL: NO 

(iv) AOTI-SENSE: NO 

20 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: 

25 GGCCGCTCAG AGTTTGAGTA A 
21 

(2) INFORMATION FOR SEQ ID NO: 15: 

30: (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1425 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSr single 

(D) TOPOLOGY: linear 

35 

(ii) MOLECULE TYPE: cDNA to inRNA 
(iii) HYPOTHETICAL: NO 
40 (iv) 2\NTI-SENSE: NO 



45 



(vii) IMMEDIATE SOURCE: 

(B) CLONE: Human CD40-L/FC2 (soluble CD40-L) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 4 •..1422 



50 (ix) FEATURE: 

(A) NAME/KEY: matjreptide 

(B) LOCATION: 79 - .1422 

(ix) FEATURE: 
55 (A) NAME/KEY: sigjpeptide 

(B) LOCATION: 4. ,78 



60 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
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55 

TAT ATG TTC CAT GTT TCT TTT AGA TAT ATC TTT GGA ATT CCT CCA CTG 
48 

Met Phe His Val Ser Phe Arg Tyr lie Phe Gly lie Pro Pro Leu 
-25 -20 -15 

5 

ATC CTT GTT CTG CTG CCT GTC ACT AGC TCT GAC TAC AAA GAT GAC GAT 
96 

lie Leu Val Leu Leu Pro Val Thr Ser Ser Asp Tyr Lys Asp Asp Asp 
-10 -5 15 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



GAT AAA AGA TCT TGT GAC AAA ACT CAC ACA TGC CCA CCG TGC CCA GCA 
144 

Asp Lys Arg Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala 
10 15 20., 

CCT GAA CTC CTG GGG GGA CCG TCA GTC TTC CTC TTC CCC CCA AAA CCC 
192 

Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro 
25 30 35 

AAG GAC ACC CTC ATG ATC TCC CGG ACC CCT GAG GTC ACA TGC GTG GTG 
240 

Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu Val Thr Cys Val Val 
40 45 50 

GTG GAC GTG AGC CAC GAA GAC CCT GAG GTC AAG TTC AAC TGG TAC GTG 
288 

Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val 
55 60 65 70 

GAC GGC GTG GAG GTG CAT AAT GCC AAG ACA AAG CCG CGG GAG GAG CAG 
336 

Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin 
75 80 85 

TAC AAC AGC ACG TAC CGG GTG GTC AGC GTC CTC ACC GTC CTG CAC CAG 
384 

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin 
90 95 100 

GAC TGG CTG AAT GGC AAG GAG TAC AAG TGC AAG GTC TCC AAC AAA GCC 
432 

Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala 
105 110 115 

CTC CCA GCC CCC ATC GAG AAA ACC ATC TCC AAA GCC AAA GGG CAG CCC 
480 

Leu Pro Ala Pro He Glu Lys Thr He Ser Lys Ala Lys Gly Gin Pro 
120 125 130 

CGA GAA CCA CAG GTG TAC ACC CTG CCC CCA TCC CGG GAT GAG CTG ACC 
528 

Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr 
135 140 145 150 

AAG AAC CAG GTC AGC CTG ACC TGC CTG GTC AAA GGC TTC TAT CCC AGC 
576 

Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser 
155 160 165 
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G&C ATC GCC GIG GAG TGG GAG AGC AAT GGG CAG CCG GAG AAC AAC TAC 

asp lie Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr 
170 175 1»0 

^ AAG ACC ACG CCT CCC GIG CTG GAC TCC GAC GGC ICC TIC TTC CTC TAC 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



Ss Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr 
185 190 

AGC AAG CTC ACC GT6 GAC AAG AGC AG6 TGG CAG CAG GGG AAC GTC TTC 
ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe 



200 



205 210 



816 

Gly Gly Gly Gly Ser Ser Ser Asp Lys He Glu Asp Glu Arg Asn Leu 

2t40 



TCA T6C TCC GIG ATG CAT G6T GGC GGA GGG TCA GGC GGA GGT GGG TCC 

ser Cys Ser Val Met His Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 
215 220 225 230 

GGA GGC GGG GGT TCA AGT TCT GAC AAG ATA GAA OIT GftA AGG AAT CTT 
816 

Gly Gly Gly 

235 

CAT GAA GAT TTT GTA TTC ATG AAA ACG ATA CAG AGA TGC AAC ACA GGA 
864 

His Glu ASP Phe val Phe Met Lys Thr He Gin Arg Cys Asn Thr Gly 
250 255 260 

GAA AGA TCC TTA TCC TTA CTG AAC TGI GAG GAG ATT AAA AGC CAG TTT 

91.2 

Glu Arg Ser Leu Ser Leu Leu Asn Cys Glu Glu He Lys Ser Gin Phe 
265 270 275 

GAA GGC TTT 6TG AAG GAT ATA ATG TTA AAC AAA GAG GAG ACG AAG AAA 

960 

Glu Gly Phe Val Lys Asp He Met Leu Asn Lys Glu Glu Thr Lys Lys 
280 285 290 

GAA AAC AGC TTT GAA ATG CAA AAA GGT GAT CAG AAT CCT CAA ATT GCG 

Glu^sn Ser Phe Glu Met Gin Lys Gly Asp Gin Asn Pro Gin He Ala 
295 300 305 310 

GCA CAT GTC ATA AGT GAG GCC AGC AGT AAA ACA ACA TCT GTG TTA CAG 

Ala^His Val He Ser Glu Ala Ser Ser Lys Thr Thr Ser Val Leu Gin 
315 320 325 

TGG GOT GAA AAA GGA TAC TAC ACC ATG AGC AAC AAC TTG GTA ACC CTG 

Tro^Ala Glu Lys Gly Tyr Tyr Thr Met Ser Asn Asn Leu Val Thr Leu 
330 335 340 

GAA AAT GGG AAA CAG CTG ACC GTT AAA AGA CAA GGA CTC TAT TAT ATC 

1152 , „ „ ^1 

Glu Asn Gly Lys Gin Leu Thr Val Lys Arg Gin Gly Leu Tyr Tyr He 
345 350 355 
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5-7 

TAT GCC CAA GTC ACC TTC TGT TCC AAT CGG GAA GCT TCG AGT CAA GOT 
1200 

Tyr Ala Gin Val Thr Phe Cys Ser Asn Arg Glu Ala Ser Ser Gin Ala 
360 365 370 



'5 



10 



15 



20 



25 



30 



40 



45 



CCA TTT ATA GCC AGC CTC TGC CTA AAG TCC CCC GGT AGA TTC GAG AGA 
1248 

Pro Phe He Ala Ser Leu Cys Leu Lys Ser Pro Gly Arg Phe Glu Arg 
375 380 385 390 

ATC TTA CTC AGA GCT GCA AAT ACC CAC AGT TCC GCC AAA CCT TGC GGG 
1296 

He Leu Leu Arg Ala Ala Asn Thr His Ser Ser Ala Lys Pro Cys Gly 
395 400 405 

CAA CAA TCC ATT CAC TTG GGA GGA GTA TTT GAA TTG CAA CCA GGT GCT 
1344 

Gin Gin Ser He His Leu Gly Gly Val Phe Glu Leu Gin Pro Gly Ala 
410 415 ■ 420 

TCG GTG TTT GTC AAT GTG ACT GAT CCA AGC CAA GTG AGC CAT GGC ACT 
1392 

Ser Val Phe Val Asn Val Thr Asp Pro Ser Gin Val Ser His Gly Thr 
425 430 435 

GGC TTC ACG TCC TTT GGC TTA CTC AAA CTC TGA 
1425 

Gly Phe Thr Ser Phe Gly Leu Leu Lys Leu 
440 445 



(2) INFORMATION FOR SEQ ID NO: 16: 



(i) SEQUENCE CHARACTERISTICS: 
35 (A) LENGTH: 473 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Met Phe His Val Ser Phe Arg Tyr He Phe Gly He Pro Pro Leu He 
-25 -20 -15 -10 

Leu Val Leu Leu Pro Val Thr Ser Ser Asp Tyr Lys Asp Asp Asp Asp 
-5 15 



Lys Arg Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro 
50 10 15 20 . 

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 
25 30 35 

55 Asp Thr Leu Met He Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 
40 45 50 55 



60 



Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 
60 65 70 

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr 
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75 .80 85 

ASH Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu Mis Gin Asp 

^ Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu 
105 110 115 

Pro Ala Pro lie Glu Lys Thr He Ser Lys Ala Lys Gly Gin Pro Arg 
10 120 125 130 135 

Gltt Fro Gin Val Tyr Thr Leu Pro Pro Ser Arg Aap Glu Leu Thr Lys 
140 145 150 

15 Asn Gin Val Ser Leu Thr Qrs Leu Val I.ys Gly Fhe Tyr Pro Ser Asp 
155 160 165 



20 



He Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys 
170 175 180 

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser 
185 190 195 

Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser 
25 200 205 210 215 

Cys Ser Val Met His Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly 
220 225 230 

30 Gly Gly Gly Ser Ser Ser Asp Lys He Glu Asp Glu Arg Asn Leu His 
235 240 245 

Glu Asp Phe Val Phe Met Lys Thr He Gin Arg Cys Asn Thr Gly Glu 
250 255 260 

Arg Ser Leu Ser Leu Leu Asn Cys Glu Glu He Lys Ser Gin iPhe Glu 
265 270 275 

Gly Phe Val Lya Asp He Met Leu Asn Lys Glu Glu Thr Lys Lys 61u 
40 280 285 290 295 

Asn Ser Phe Glu Met Gin Lys Gly Asp Gin Asn Pro Gin He Ala Ala 
300 305 310 

45 His Val He Ser Glu Ala Ser Ser Lys Thr Thr Ser Val Leu Gin Trp 
315 320 325 



35 



50 



Ala Glu Lys Gly Tyr Tyr Thr Met Ser Asn Asn Leu Val Thr Leu Glu 
330 335 340 

Asn Gly Lys Gin Leu Thr Val Lys Arg Gin Gly Leu Tyr Tyr .He Tyr 
345 350 355 



Ala Gin Val Thr Phe Cys Ser Asn Arg Glu Ala Ser Ser Gin Ala Pro 
55 360 365 370 375 

Phe He Ala Ser Leu Cys Leu Lys Ser Pro Gly Arg Phe Glu Arg He 
380 385 390 

60 Leu Leu Arg Ala Ala Asn Thr His Ser Ser Ala Lys Pro C^s Gly Gin 
395 400 405 
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Gin Ser lie His Leu Gly Gly Val Phe Glu Leu Gin Pro Gly Ala Ser 
410 415 420 

5 Val Phe Val Asn Val Thr Asp Pro Ser Gin Val Ser His Gly Thr Gly 
425 430 435 

Phe Thr Ser Phe Gly Leu Leu Lys Leu 
440 445 

10 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 
15 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Arg Met Lys Gin lie Glu Asp Lys lie Glu Glu lie Leu Ser Lys lie 
25 1 5 10 15 

Tyr His He Glu Asn Glu He Ala Arg He Lys Lys Leu He Gly Glu 
20 25 30 

30 Arg 
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15 



20 



ri,ATMS 



Whatisdaimedis: 



1. AnisolaiedDmseqpenceen«)dingaC3>40-LpoIypeptide^A^ 
CD40. wherdntheDNA sequence is selectedfrom the groap consisting of: 

(a) niicleotides46thtough828.184tfaiough828,orl9Sthrough762of 

SEQlDNOrll; 

10 (b) DNAsequenceswMdidetectabIylQrhridizetooneofthesequencesof(a> 

orthdr complementary slrandsimderinDtoie stringency and 

(c) DNAseqaenceswhidi.dnetodeg«ieracyofthegeneticcode,encodea 

polypeptide encoded by any of the forcing DNA sequences. 



2. MisolatedDNAsequenceaccoiriingtodainilencodingasolublea^ 
polypeptide. 

3. AiecombinantexpressionvectorcomprisingaDNAsequenceaccardm 
daunL 

4. AiBconibinante>q»ressionvectorcomprisingaDNAsequenceaccor^ 
daini2. 



5. Ahostcditiansfonnedartransfectedwiflianexprcssionvectaraccotdm 
25 toclaini3. 

6. AhostceUtiansfomedortransfectedwithanexpressionvectoraccoiding 
to claim 4 

30 7. ApiocessforpreparingaCD40-Lpolypeptide,comprismgcultaringahost 

ceU according to daim 5 under conditions promo^g expression and recovering CD40- 
L polypeptide from tiie culture. 

8. AprocessfarpreparingaCI>4(^Lpolypeptide»comprismgcdniringahost 
35 ceU according to claim 6 under conditions promoting expression and recovering CD40- 
L polypeptide from the culture. 
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9 . A purified biologically active CD40-L polypeptide composition comprising 
a sequence of amino acids encoded by a nucleotide sequence according to claini L 

10- A purified biologicaUy active OMO-L polypeptide composition accoidm 
S claim9,consistingessentially of human CD40-L. 

1 1 . A purified biologically active CD40-L polypeptide composition according to 
claim 10, seleaed firom the group consisting: 

(a) the polypeptide defined by amino acids 1 through 261 , inclusive, of the 
10 sequence set forth in SEQ ID NO:l 1; 

(b) the polypeptide defined by amino acids 47 tiirough 261, inclusive, of the 
sequence set forth in SEQ ID N0:1 1; and 

(c) a polypeptide defined by a sequence beginning with an amino acid in tiie 
sequence between amino acid 47 and amino acid 51, inclusive, through and including 
15 an amino add in the sequence between amino acid 239 and amino add 261, inclusive, 
of tiie sequence set forth in SEQ ID N0:1L 



20 



35 



1 2. A purified biologically active CD40-L polypeptide conqwsition according to 
claim 1 1 , wherein the CD40-L is a soluble CD40-L. 

1 3. A soluble CD40-L according to claim 12, wherein the soluble CD40-1 
coniprises amino adds 51 through 261 of SEQ ID NO: 11. 



14. A soluble CD40-L according to claim 13 wherein the CD40-L is an 
25 oligomer comprising two or more CD40-L extracellular regions. 

15. A method of treating allergy, an allergic reaction, lupus, rheumatoid arthritis 
or graft versus host disease conqnising administering an effective amount of a CD40 
antagonist selected from the group consisting of a soluble CD40 protein, a CD40 fusion 

30 protem, a soluble monomeric CD40-L polypeptide, and combinations thereof. 

1 6. A method of augmentiaig a vacdne response witii an adjuvant, wherein tiie 
adjuvant is selected from the group consisting of a membrane-bound CD40-L 
polypeptide, oligomeric soluble CD40-L polypeptides, and combinations thereof. 



1 7. A method for stimulating hybridoma cells to increase monoclonal antibody 
secretion, comprising administering an effective amount of a CD40 agonist selected 
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mm the group consisting of CD40-L, nfembtane-bound CD40-L and oUgomeric 
CD40-L. 

18 Anantibo(fyiimnimoteactivewiliiCD40-Lor^ 

5 

19. AnantiT)odyaccaidingtodaiml6whichisamonoGlonal antibody. 

20. AnantisenseorsemseoBgonndeotidethatcaninWbittranK^ 
tm«onof C3>40-Ucomprisingasequenceof atleasta^^ 12nucleotides 

10 coirespondingtoaDNAsequenceaeconiingtoclaim 1 oritsDNAorRNA 

complement 



1/14 
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1 CTTTCAGTCAGCATGATAGAAACATACAGCCAACCTTCCCCCAGATCCGTGGCAACTGGA 6 0 

1 MetlleGluThrTyrSerGlnProSerProArgSerValAlaThrGly le 

6 1 CTTCCAGCGAGCATGAAGATTTTTATGTATTTACTTACTGTTTTCCTTATCACCCAAATG 1 2 

17 LeuProAlaSerMetLysIlePheMetTyrLeuLeuThrValPheLeuIleThrGlnMet 36 

121 ATTGGATCTGTGCTTTTTGCTGTGTATCTTCATAGAAGATTGGATAAGGTCGAAGAGGAA 18 

37 lleGlyS e rValLeuPheAlaValTyrLeuHi sArgArgLeuAspLysValGluGluGlu 5o 

181 GTAAACCTTCATGAAGATTTTGTATTCATAAAAAAGCTAAAGAGATGCAACAAAGGAGAA 2i 

57 valAsnLeuHisGluAspPheValPlielleLysLysLeuLysArgCysAsnLysGlyGlu / o 

241 GGATCTTTATCCTTGCTGAACTGTGAGGAGATGAGAAGGCAATTTGAAGACCTTGTCAAG 3C 

77 GlySerLeuSerLeuLeuAsnCysGluGluMetArgArgGlnPheGlioAspLeuValLys Sz 

301 GATATAACGTTAAACAAAGAAGAGAAAAAAGAAAACAGCTTTGAAATGCAAAGAGGTGAT 3: 

97 AspIleThrLeuAsixLysGluGluLysLysGluAsnSerPheGluMetGlnArgGlyAsp U 

361 GAGGATCCTCAAATTGCAGCACACGTTGTAAGCGAAGCCAACAGTAATGOVGCATCCGTT A] 

117 GluAspProGlnlleAlaAlaEi sValValSe rGluAlaAsnSe rAsnAlaAlaSe tVal 1 : 

421 CTACAGTGGGCCAAGAAAGGATATTATACCATGAAAAGCAACTTGGTAATGWTG^J^AA 4j 

137 LeuGlnTrpAlaLysLysGlyTyrTyrThrJletLysSerAsnLeuValMetLeuGluAsn -1. 

4 8 1 GGGAAACAGCTGACGGTTAAAAGAGAAGGACTCTATTATGTCTACACTC^^^ 5 ; 

157 GlyLysGlnLeuThrValLysArgGluGlyLeuTyrTyrValTyrThrGlnValThrPhe 1 

541 TGCTCTAATCGGGAGCCTTCGAGTCAACGCCCATTCATCGTCGGCCTCTGGCTGAAGCCC 6 

177 cysSerAsnArgGluProSerSerGlnArgProPhelleValGlyLeuTrpLeuLysPro 1 

601 AGCATTGGATCTGAGAGAATCTTACTCAAGGCGGCAAATACCCACAGTTCCTCCCAGCTT 

197 SerlleGlySerGluArglleLeuLeuLysAlaAlaAsnThrKxsSerSerSerGlnLeu 

6 6 1 TGCGAGCAGCAGTCTGTTCACTTGGGCGGAGTGTTTGAATTACAAGCTGGTGCTTCTGTG 
217 cysGluGlnGlnSerValHisLeuGlyGlyValPheGluLeuGlnAlaGlyAlaSer-Val 

721 TTTGTCAACGTGACTGAAGCAAGCCAAGTGATCCACAGAGTTGGCTTCTCATCTTTTGGC 

237 PheValAsnValThrGluAlaSerGlnVallleKisArcValGlyPheSerSerPheGly 

7 8 1 TTACTCAAACTCTGAACAGTGCGCTGCCCTAGGCTGCAGCAGGGCTGATGCTGGCAGTCT 
257 LeuLeuLysLeu 

841 cCCCTATACAcCAAGTCAGTTAGGcCCTcCCCTGTGTTGAACTgCCTATTTATAACCCTA 900 

501 GGATCCTCCTCATGGAGAACTATTTATTATGTACCCCCAAGGCACATAGAGCTGGAATAA 9 5 0 

561 GAGAATTACAGGGCAGGCAAAAATCCCAAGGGACCCTGCTCCCTAAGAACTTACAATCTG 1020 

1021 AAACAGCAACCCCACTGATTCAGACAACCAGAAAAGACAAAGCCATAATACACAGATGAC 

1 0 8 i AGAGCTCTGATGAAACAACAGATAACTAATGAGCACAGTTTTGTTGTTTTATGGGTGTGT 

1141 CGTTCAATGGACAGTGTACTTGACTTACCAGGGAAGATGCAGAAGGGCAACTGTGAGCCT 1200 
1201 CAGCTCACAATCTGTTATGGTTGACCTGGGCTCCCTGCGGCCCTAGTAGG 1250 



660 
216 

720 
235 

780' 
255 

£40 
250 



1080 
1140 
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FFG. 2 
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1 TGCC^^CCTTCTCTGCC^GAAGATACCATTTCAACTTTAACACAGCATGAK 60 

61 AACC^AACTTCTCCCCGATCTGCGGCCACTGGACTGCCCATCAGCATGAAAATTTTTATG 120 

6 ^nGlnrhrSeSroArgSerAlaAlaThrGlyLeuPron 2= 

1-71 Ti'T'''''r^CTTACTGTTTTTCTTATCACCCAGATGATTGGGTCAGCACTTTpGCTGTGTAT ISO 

"ii Jy'rZ^^LeSSvalPheLeullsThrGlnMstlleGlySecAla^ 4 = 

181 C''''^C:^T:^GAAGGTTGGACAAGATAGAAGATGAAAGGAATCTTCATGAAGATTTTGTATT 240 

4i L'GHisAriSg^suAspLysIleGluAspGluArcAsnLeuH^ 6 = 

2 .. 1 :^TG- i i ^CG:^T2.CAGAGATGCAACACAGGAGAAAGATCCTTATCCTTACTGAACTGTCAG 300 

^01 G2.G\TTiiAAGCCiGTTTGAAGGCTTTGTGAAGGATATAATGTTAAACAAA6AGGAGACG 350 

361 AAGAAAGAAAACAGCTTTGAAATGCAAAAAGGTGATCAGAATCCTC^J^MGpGC^^^ 420 

106 LysLysGluAsnSer?heGluMetGlnLysGlyAs?GlnAsa?roGlnileAlaAlar.is 12r 

421 GTCATAAGTGAGGCCAGCAGTAAAACAAC^TCTGTGTTAC^GTGGGpGAApj^GGAT^^ 4S0 

12i vallieSerGluAlaSerSerLvsThrThrSerValLeuGlnTcoAlaAspLysGlyTyr Iwz 

481 TACACCATGAGCAACAACTTGGTAACCCTGGAAAATGGGAAACAGpGA^ S40 

145 TyrThrMetS3rAsaAsnLeuValTlirLeuGluAsnGlyLysGlnLeuTnrValLysA.c Is? 

541 CAJ..GGACTCTATTATATCTATGCCCAAGTG^CC7TCTGTTCC^ATCGGGAJVGCTT^ 600 

ill GlnSyLiiTyrTyrlleTyrAlaGlnValThrrhsCysSerAsnArc^^^ 1= = 

S 0 1 -r-rTcci'^'^T=iTAGCCAGCCTC7GCCTAAAGTCCCCCGGTAGATTCGAGAGAA7CTTA 650 

isi GirIiarro?h3lleAlaSerLeuCysLeuLysSer?roGlyArc?h9GluArcIleLeu zv= 

651 CTCAGAGCTGG^AATACCC^^G^-GTTCCGpj^CCTTGCGC^-C^^^^^ 7f0 

20c LeuArcAlaAlaAsnThrKisSerSerAlaLysProCysGlyGlr.GlnSerller-isLeu 

7? 1 GG^GGAG-f A'^TTGAATTGCAACCAGGTGCTTCGGTGTTTGTCAATGTGACTGATCCAAGC 7 SO 

22i GiyGlJvalihiGfuLeu^^^ ^'^ = 

a c^iG-i-G^GCCATGGCACTGGCTTCACGTCCTTTGGCTTACTCiAACTCTGAACAGTGTCA S 4 C 

45 GlaValSerEisGlyThrGly3h3ThrSer?heGlyL2uLeuLysLeu -t=i 

8 4 1 CCTTGCAGGCTGTGGTGGAGCTGACGCTGGGAGTCTTCATAATACAGCACAGCGGTTAAGC S 0 0 
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FIG. 4A 
10E5 E- + CVl's 
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FIG. 4B 
10E5 E- + IL-4 + CVVs 
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FIG. 5 

PB E H- IL-4 + CV1 d7 Proliferation 
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FIG, 6 



S.CD23 in Day 6 Cultures S/N: 
10E5 E-ZWell, IMDM + IL-4 
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FIG. 7 



S.CD23 in Day 6 Cultures S/N: 
10E5 E-/Well, IMDM + IL-4 
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FIG. 8 



Induction of B Cell Proliferation by 
CD40 Ligand Expressing CV-1 Cells (fixed) 
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FIG. 9 



Induction of Anti-SRBC PFC by EL4 40.9 
and 7A1 Th1 Cells (Fixed) 
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FIG. 10 



Induction of B Cell Proliferation by 
CD40 Ligand Expressing CV-1 Cells 
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FIG. 11 



Induction of Anti-SRBC PFC by CD40 
Ligand Expressing CV-1 Cells (fixed) 
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FIG. 12 



Induction of Murine B Cell Proliferation by 
CD40 Ligand Expressing CV-1 Cels (fixed) 
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FIG. 13A 



Induction of Antigen Specific PFC by 
CD40 Llgand Expressing CV-1 Cells (fixed) 
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FIG. 14A 
Day 7 Proliferation of T-depleted PBM 
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FIG. 14B 
Day 10 IgE Secretion from T-depleted PBM 
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